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TIME.' 


Ir is the purpose of this paper to describe certain regular 
alternations of strata observed in Colorado, to correlate these 
with an astronomic cycle of known period, and to deduce from 
this correlation an estimate in years of a portion of Cretaceous 
time. 

Along the base of the Rocky Mountains, and eastward for 
many miles, the basin of the Arkansas river is occupied by Cre- 
taceous rocks. At bottom are the Dakota sandstones, several 
hundred feet in thickness; and above these a great body of 
shales, constituting the Benton, Niobrara and Pierre groups and 
having a total thickness of 3900 feet. In the main these shales 
are argillaceous; but at a few horizons they are calcareous, and 
at one level a sandstone appears, accompanied by a few feet of 
arenaceous shale. The sandy passage is best developed near the 
mountains, and disappears altogether toward the east. The cal- 
careous passages are more persistent and have been recognized 
throughout the district. At least two of them occur many miles 
farther to the north. As the shales and the associated lime- 
stones approach the mountains they do not assume the character 
of littoral deposits, but remain practically unchanged ; and it is 
thence inferred that the sea in which they were deposited 
extended to a remote western shore. 


* Read before the Geological Society of America, December 28, 1894. 
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The calcareous passages are four in number, and each exhibits 
a rhythm of sedimentation. The lowest occurs 210 feet above 
the base of the Benton group, and exhibits an alternation of thin 
limestone beds with somewhat thicker beds of shale, the shale 
being more calcareous than the general mass. Each limestone 
is a few inches in thickness, and the intervening shales are from 
one to two and one-half feet thick. The average thickness of a 
pair of beds, including a limestone layer and a shale layer, is 
eighteen inches, and the number of such repetitions is about 
fifteen. 

Next above are 230 feet of shale, and upon these rest about 
fifty feet of limestone, constituting the basal member of the 
Niobrara group. These limestones alternate in an equally regular 
manner with shales, the layers of limestone being homogeneous 
and massive, and varying in thickness from one foot to two feet, 
with three feet as a rare and local maximum. The parting shales 
range from one to four inches in thickness, and are sharply sepa- 
rated from the limestone. The average thickness of the rhythmic 
couple, limestone and shale, is as before, eighteen inches. 

The third calcareous series, also of Niobrara age, lies ninety feet 
above the second, the interval being occupied by shale. Through 
a thickness of thirty feet calcareous shales alternate with those 
which are less calcareous, and the amount of calcareous matter 
increases upward, culminating at the top of the series in two 
beds of chalky limestone. The average rhythmic interval here 
is between two and one-half and three feet, and the differences 
in rock texture are of such character as to give a ribbed appear- 
ance to the series where exposed on a cliff face. 

The fourth calcareous passage is at the top of the Niobrara 
group, and is separated from the third by 475 feet of shale. It 
includes several calcareous layers, of which one might be classed 
as animpure limestone. The rhythmic tendency is clearly mani- 
fested, but the number of repetitions is small. 

The Pierre shales, overlying these, have a thickness of about 
2800 feet. 

From these data it appears that, in addition to a secular and 
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apparently irregular recurrence of physical conditions leading to 
the disposition of calcareous matter in this district, there was a 
relatively rapid and remarkably regular alternation of conditions 
determining the deposition of alternately more and less calcare- 
ous matter. The regularity of this minor alternation suggested 
the possibility that its cause might be discovered, for of the 
various causes known or supposed to modify sedimentation those 
which recur with uniform rhythm are comparatively rare. So 
far as we have definite evidence, the purely terrestrial causes, 
such, for example, as upheaval and subsidence, the shifting of 
waterways or divides, and the removal of oceanic barriers, are of 
irregular sequence ; but certain astronomic causes are compara- 
tively regular. 

There are many astronomic cycles, and their periods vary 
widely in extent, but there are only a few to which it is reason- 
able to appeal for explanation of a rhythm in sedimentation. 
There are, in fact, but three to which geologists have made such 
appeal, and my own inquiry has discovered no others. I refer 
to the period of the earth’s revolution about the sun, the preces- 
sional period, and the variation of the eccentricity of the earth’s 
orbit. Each of these is known or supposed to have an influence 
on climates, and the nature of sedimentation may in various 
ways be influenced by climate. 

The period of the earth’s revolution does not seem applicable 
to the sedimentary rhythm under consideration, because a year 
is too short a time for the accumulation of the sediment. Doubt- 
less eighteen inches of sediment are often added in a year to the 
sea bottom near the mouths of rivers; but when we consider that 
many centuries are required to degrade the land to an average 
depth of eighteen inches, that areas of marine sedimentation are 
in a broad way commensurate with those of terrestrial degrada- 
tion, and that the Cretaceous sediments under consideration 
were accumulated scores and perhaps hundreds of miles from the 
land, we cannot for a moment imagine that they were deposited 
at so rapid a rate. 

The variation of the eccentricity of the earth’s orbit has a 
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somewhat regular period of about 91,000 years, but the successive 
maxima are of so unequal values that they cannot well be corre- 
lated with the relatively uniform cycles of deposition. 

The precession of the equinoxes seems better qualified to 
explain the Colorado phenomena. As the earth’s axis slowly 
describes its circle on the celestial sphere the relation of the 
seasons to perihelion is steadily shifted, so that the winter of the 
northern hemisphere, for example, occurs during one epoch 
when the earth is nearest the sun, and during another when it is 
farthest away. The terrestrial consequences of this cycle of 
change have been discussed by Adhémar, Herschel, Croll, 
Murphy, Pilar Hill, McGee, Penck, Ramsay, Wallace, Woeikof, 
Blytt, Ball, Becker and others, and, though there is wide differ- 
ence of opinion as to the character and amount of the climatic 
variations which may thus be brought about, these writers are 
in substantial agreement that the distribution of climates may 
be materially affected. The precessional period is about 26,000 
years, but the position of perihelion also moves—for the most 
part in a direction opposite to that of the equinoxes—and the 
resultant of the two motions has an average period of about 
21,000 years. It is not absolutely regular, but ranges ordinarily 
within 10 per cent. of its mean value, and exceptionally to 50 
per cent. above and below. 

I shall make no attempt to determine what were the climatic 
oscillations affecting Cretaceous sedimentation in Colorado nor 
how their influence was exerted. For the purposes of the present 
discussion it seems sufficient to point out that the local character 
of sedimentation might be influenced by changes in the local 
distribution of terrestrial climates: 

1. A periodic change in the circulation of the winds might 
modify the currents of the Cretaceous sea in such way as to bring 
to this district at one time argillaceous material and at another 
time calcareous material. 

2. A general change of climate producing glaciation about 
the two poles in alternation, as inferred by Croll and others, 
might shift the center of gravity of the earth in such way as to 
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make the sea alternately advance against and recede from a coast. 
Even a small oscillation of this sort might render the principal 
load transported by streams from a coastal plain alternately 
chemical and fragmental ; and a great oscillation, by causing the 
coast line to migrate, might periodically revolutionize the distri- 
bution of sediments in the sea. 

3. Ifthe climate of a broad peneplain were by precession made 
alternately moist and dry, then during moist epochs it would be 
densely clothed with vegetation, subterranean waters would be 
highly charged with organic acids so as to dissolve much lime 
carbonate, and mechanical degradation would be impeded by 
the vegetal mat. During dry epochs vegetation would be sparse, 
water would have little power of solution, and relatively rapid 
mechanical degradation would cause the residual clays to be 
transported to the ocean. 

Adopting 21,000 years as the time unit corresponding to each 
sedimentary alternation in the calciferous portions of the great 
shale bed, it remains to estimate the rate of deposition of the 
more argillaceous portions. As already stated, the sedimentary 
cycle repeats itself every eighteen inches where the principal 
deposit is limestone; it also repeats itself every eighteen inches 
where the limestone makes but one-fourth of the total deposit ; and 
it repeats itself in about 2.7 feet where the calcareous material 
suffices only to modify an otherwise argillaceous shale. It would 
appear, then, that the shale was on the whole deposited more 
rapidly than the limestone, so that in the great bodies of shale 
something more than 2.7 feet of sedimentation should be cor- 
related with a unit of the time scale. It is moreover true that 
certain portions of the shale are of different type from those 
associated with the limestone. This difference does not find 
definite expression in the chemical composition but appeals to 
the eye. All shales near the calcareous passages are pale gray 
in color, while there are important beds in the upper and lower 
portions of the Benton series and in the upper part of the Pierre 
series which are dark gray. These constitute about one-tenth 
of the entire series. It is not clear whether we should ascribe 
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a relatively rapid or a relatively slow deposition to the dark 
shales, but the fact that the shale body is not entirely uniform 
in character tends to increase the probable error of an esti- 
mate of its rate of deposition. It appears to me that an allow- 
ance of four feet of local sedimentation for each astronomic 
cycle should afford a somewhat conservative estimate for the 
corresponding portion of geologic time. Upon this basis the 
3900 feet of sedimentation required about twenty million years, 
and this estimate covers the Benton, Niobrara and Pierre epochs. 
These epochs constitute a part of the Cretaceous period, being 
preceded in the chronology of the Great Plains province by the 
Dakota and Comanche epochs and followed by the Fox Hills and 
Laramie. As the sediments representing those epochs are of 
different character from the shale to which computation is here 
applied, the estimate cannot be extended to cover the entire 
Cretaceous period without materially increasing its probable 
error. 

The reasoning here employed is strictly parallel and partly 
identical with that of Blytt in his discussion of “The Probable 
Cause of the Displacement of Beach Lines” (Christiania, 1889). 
It differs most conspicuously in the interpretation of the influences 
of dry and moist climates. He correlates fragmental sediments 
with warmth and moisture, and chemical with coolness and dry- 
ness. In discussing the Cenozoic sedimentation of various 
European countries he finds the alternation of clay and lime 
carbonate to have an average thickness of 51 inches, nearly three 
times that observed in the Cretaceous of Colorado. 

On the authority of Geelmuyden, Blytt states that the pre- 
cession period should theoretically have been relatively short in 
earlier geologic eras because then the axial rotation was more 
rapid and the oblateness of the spheroid greater; and to what- 
ever extent this was true in Cretaceous time the preceding esti- 
mate of twenty million years should be diminished. 

That the logic of this discussion may be quite clear, some of 
its leading points are briefly restated. Certain parts of a shale 
body are found to exhibit a rhythm of sedimentation, the cycles of 
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deposition being repeated in from eighteen to thirty-three inches. 
After making certain allowances, the average unit of deposition for 
the whole body of shale is assumed to be four feet. From the reg- 
ularity of the sedimentary rhythm and the large number of its 
cycles, it is assumed to have been occasioned by a regular rhythm 
of conditions. The cycle of deposition is correlated with the 
precession-perihelion cycle—because this alone, of the various 
cycles known to the writer, appears competent to explain the 
phenomena. In discussing its competence, the ability of the pre- 
cessional cycle to produce climatic oscillations is postulated with- 
out argument (because it has already been treated at great length 
by others), and ways are suggested in which climatic oscilla- 
tions might result in the observed cycle of sedimentation. 
Assuming that the general inference is valid, the specific esti- 
mate is qualified chiefly by the uncertainty in passing from those 
portions of the sedimentary column where rhythm finds expres- 
sion in the alternate abundance and scarcity of lime carbonate to 
the other and greater portions of the column from which lime 
carbonate is nearly absent. This uncertainty is believed to be 
represented by the number 2 as a factor of safety; that is, the 
true period may be either twice or only one-half the estimated 


period of twenty million years. 
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OF THE ANEROID BAROMETER IN 
GEOLOGICAL SURVEYING. 


USE 


AN attempt to unravel the geologic structure of any area 
should always be preceded by the establishment of a datum plane, 
and the reference of all points in the area to it, or in other words 
the geologic, should always be preceded by a topographic survey. 
This I take to be axiomatic, yet in practice such a preliminary 
survey is seldom made, except by the larger organizations, which 
are under state or national patronage, and not always even by 
these, because of the great expense involved, and because very 
few geologists are sufficiently familiar with the instruments and 
methods of the engineer to undertake such a work, and are not 
in a position to employ an engineer to do it for them. In reality 
however, results sufficiently accurate for practical purposes may 
be reached with an expenditure of time and money almost nomi- 
nal, and by a method which should be mastered by every field 
geologist, whether he expects to make such surveys or not, on 
account of the use he can make of it in other directions. It is 
the object of this paper to set forth a method which I have used 
successfully for this purpose. 

The aneroid barometer is essentially a metallic box having 
one or both ends formed by a thin elastic plate, which is usually 
corrugated to increase its elasticity, and the ends are often con- 
nected by a delicate spiral spring with the same object in view. 
If the air is partially exhausted from such a box, the elastic 
diaphragms will be forced slightly inward, and in this condition 
will respond to the least change in weight of the air. The small 
motion thus engendered is rendered visible by a system of three 
levers, the long arm of the last being connected by a chain with 
an axis carrying an index, which revolves in front of a graduated 
arc. The graduated circle is usually double, the inner arc indi- 
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the outer shows corresponding differences of elevation in feet ; 
for greater accuracy in reading, a vernier is usually attached. 
Instruments of this kind are to be had, which will plainly indicate 
differences of one or two feet in elevation. It is of course 
understood that these readings represent relative elevations only. 

Equipped with an accurate land-survey map and an aneroid, 
the detailing of the topography of an area would be a simple 
matter, if it were not for the numerous sources of error which 
inhere in all barometers, but more especially in the aneroids. 
These sources of error may be classified as mechanical, observa- 
tional, thermal, and atmospheric. They will be discussed in 
order, and the means of controlling them indicated. 

Mechanical sources of error — However perfect the mechanical 
construction of an aneroid may be, a slight shifting or cramping 
of its parts may give rise to an amount of friction which will 
prevent the registering of small changes in pressure, and when 
the change becomes sufficiently great to overcome the friction, 
the index will jump to its proper place. This difficulty may be 
overcome by gently tapping the face and side of the instrument 
before eaeh reading. It is to be borne in mind that while a 
gentle tap will release the mechanism, a more vigorous one is 
very liable to produce the error we are seeking to avoid. 

Another mechanical source of error arises from slight changes 
which are continually taking place in the elasticity of the dia- 
phragms. To avoid this the aneroid should be tested from time 
to time on known elevations, and the tension of the diaphragms 
regulated by a small screw at the back of the instrument, until 
the elevation is correctly given. 

Errors in observation—The weight of the levers is in part 
borne by the diaphragms, and must cause movement in them 
when the position of the instrument is shifted, hence all readings 
should be taken with the instrument in the same position, prefer- 
ably with the dial horizontal. This is a matter of great impor- 
tance, for the reading of a delicate instrument may be changed 
one hundred feet by simply reversing its position. If, however, 
the instrument is uniformly read from the same position, the 
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weight of the levers, etc., bearing on the diaphragms will always 
be the same, and so this source of error will be eliminated. 

The index of a well-made aneroid should be exceedingly fine, 
flattened vertically, and should revolve as close as possible to 
the graduated arc, but even when both these conditions are 
fulfilled the reading may be varied as much as twenty feet by 
changing the line of sight, hence the instrument should always 
be held so that the line of sight will be perpendicular to the dial. 

Errors due to changes in temperature. — All first-class instru- 


ments are supposed to be compensated for changes in tempera- 
Each aneroid 


ture, but the compensation is never perfect. 
should be tested under varying temperatures, and the ratio of 
error noted. It will generally be found so small that it may be 
disregarded except in extreme cases, but if the ratio is large the 
instrument should be rejected. 

Errors due to changes in atmospheric pressure.— The atmosphere 
is filled with eddies, formed by ascending and descending cur- 
rents, which are called cyclones and anticyclones respectively. 
These eddies generally originate over the elevated plateaus of 
the cordilleran system, spread out until their diameter is measured 
by hundreds of miles, and move in an easterly direction across 
the continent, with an average velocity of twenty to thirty miles 
per hour. 

In the eddies formed by ascending currents, or cyclones, as the 
air rises, it is replaced by surface currents which set in from all 
directions, with a spiral motion, toward the center. A careful 
study of an area marked “low” on the daily map issued by 
the National Weather Bureau will make this clear. As the 
cyclone moves toward some easterly point a wind from that 
direction tells of its approach, while a change in direction from 
east, through north or south, to some westerly point tells of its 
passage. 

As soon as the particles of air come within the influence of 
the eddy, they are drawn upward, at first slowly, then more 
rapidly, until near the center they acquire the almost vertical 
motion of the vortex. This upward tendency of the air lessens 
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its apparent weight, and causes the barometer to fall. A falling 
barometer indicates an approaching cyclone. The fall continues 
until the trough, or line perpendicular to the direction in which 
the cyclone is moving, is reached, when it is changed to an 
upward movement. 

This upward impulse of the air particles results in a loss of 
heat, and condensation of the contained moisture into visible 
drops, which are blown by the rapid currents of the upper atmos- 
phere into long, wispy, hairy, cirrus clouds, which reach far 
beyond the cyclone’s front. Gradually thickening cirrus clouds 
herald a cyclone. Behind the axis, the outflowing air has to con- 
tend against the general motion of the atmosphere, which is from 
west to east, and hence its velocity is much lessened. Any 
moisture condensed in this portion of the area will tend to form 
lumpy cumulus, rather than windy cirrus clouds, Cumulus clouds 
mark the rear of the cyclone. 

The intensity of a cyclone, or the velocity of the ascending 
current, and consequently the rate at which the barometer rises 
or falls (barometric gradient) depends largely on the supply of 
moisture. If the amount of moisture carried. into the area 
remains constant, the intensity of the cyclone, and the gradient, 
will be constant. If it increase, the intensity and gradient will 
increase, and if it diminishes, both will diminish, or if it fails, 
both will disappear. If the supply comes equally from all 
directions, the cyclone will remain nearly or quite stationary, 
but if the winds from one quarter bring more moisture than 
those from the others, the cyclone will move in that direction 
with a velocity governed by the supply. Changes in direction 
may produce as marked an effect on the gradient as changes in 
intensity, for they bring the observer into another part of the 

area. Many illustrations of change in gradient will be found in 
Plate I, which is the tracing of a self-registering barometer for 
the month of May, 1893. 

The characteristics of the cyclone which should be remem- 
bered in this connection are wind easterly in front, westerly in 
the rear; gradually thickening cirrus clouds in front, with cumulus 
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clouds in the rear; barometer falling in front, rising in the 
rear. It should also be remembered that a change in intensity 
or direction, may cause the barometer to fall in the cyclone’s 
rear, or rise in its front, and that any change in direction or force 
of wind, or in character of cloud, is generally accompanied by a 
change in gradient. 

In the descending eddy, or anticyclone, the conditions are 
just reversed. As the descending air nears the surface of the 
earth, it slides off horizontally, flowing away from the center in 
all directions, with a spiral movement; hence as the progressive 
motion of the anticyclone is from west to east—a west wina 
must be its herald and an east wind mark its rear. As the air from 
the colder upper regions settles toward the warmer earth there 
will be little tendency to form clouds, except those of the pure 
stratus type. In fact this is the only type of cloud which can 
occur in a typical anticyclone as defined above, but for reasons 
that will be explained further on, both cumulus and feathery 
cirrus clouds do occur in most anticyclonic areas. The down- 
ward motion of the air increases its apparent weight and so the 
barometer rises in tts front and falls in its rear. Anticyclones are 
also subject to changes in intensity and direction similar to 
those which occur in cyclonic areas. 

The characteristics of the anticyclone are: wind from some 
westerly point in front, becoming easterly in the rear; generally 
a clear sky, with perhaps a few cumulus clouds in front, and 
cirrus in the rear; rarely the whole sky becomes dull and leaden 
from the formation of pure stratus clouds; barometer rising in 
front, falling in the rear. 

For our present purpose we may assume that the entire 
atmosphere is made up of such cyclonic and anticyclonic areas, 
in fact the assumption is not far from the truth in this: latitude, 
and as each floats over us, it causes the index of our barometer 
to move upward or downward, the extremes covering an arc that 
represents nearly three thousand feet of elevation. From this 
it will be seen how fruitful a source of error these atmospheric 
configurations may be, and how essential it is for anyone who 
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wishes to use an aneroid for topographic purposes, to make him- 
self thoroughly familiar with all their characteristics. Perhaps 
there is no better way to do this than to draw across a cyclonic 
area as delineated on the daily weather map, a line which shall 
be considered the trace of the observer’s position as the area 
passes over him, and consider carefully the changes in the direc- 
tion of wind, character of cloud, and barometric pressure that 
would occur. A series of such lines, some straight, others 
crooked, will bring out the cyclonic characters better than any 
amount of description could. For further information on this 
subject, see “Weather” by Abercrombie, Appleton’s Science 
Series, ‘Elements of Meteorology” by Davis (Ginn and Com- 
pany), and “A Popular Treatise on the Winds” by Ferrel, 
(Wiley and Sons). The last is not nearly so popular (elemen- 
tary) as its title indicates, but is an excellent work. 

From what has preceded, and an inspection of the barogram 
in Plate I, it is evident that the errors which may arise from 
changes in atmospheric pressure are very great, and that, if no 
measures are taken to correct them, the barometer would be 
entirely useless to the topographer, or even for hypsometry, but 
it is also evident that the errors so far considered may be cor- 
rected in either of two ways. The area to be surveyed may be 
divided into sections, each covering only a few square miles, and 
a self-registering barometer, carefully adjusted to read with that 
which is carried into the field, placed near the center of each 
section while it is being surveyed. The trace of this instrument 
will indicate the changes in pressure that have occurred, and 
furnish data for the correction of the readings taken in the field, 
provided the time at which each reading is taken is made part 
of the record. This method is open to the objection that the 
observer works mechanically and blindly, and is thus unable to 
apply the many little checks which he would otherwise find so 
useful, as well as to detect the larger errors, arising from surges, 
that will be spoken of further on. Another method is that by 
the use of gradients. Here the observer, before beginning work 
in the morning, carefully ascertains the barometric gradient, that 
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is the amount of rise or fall in a fixed interval, and corrects each 
reading as taken, by adding or subtracting the proper amount. 
In this way all errors due to pressure may be eliminated, so long 
as the gradient remains constant, but an inspection of Plate I, or 
of any barogram, will show that a gradient is not to be trusted 
for any great length of time. Sometimes it will run along for 
hours, or even days, with very little change; this is especially 
true in anticyclonic areas, and again several abrupt changes may 
occur within a few hours. On this account the observer must 
not only test his gradient by stopping at intervals to note the 
rate of change, but he must be continually on the alert for the 
signs which presage a change, such as variation in the character 
or amount of cloud, or the direction or velocity of the wind, etc. 
At first the recognition of those changes which mean a variation 
in gradient will be difficult, but a little practice will make it 
almost instinctive. This method has the advantage that it requires 
the wide-awake, intelligent judgment of the observer all the 
time he is in the field, and, when combined with careful descrip- 
tions and sketches made from all prominent points, yields very 
creditable results. If only one method for the correction of 
these errors can be used, this is decidedly the better, both for 
the reason indicated, and because there are times when the baro- 
metric variation is not the same over even so small an area as 
that indicated. It is desirable however, where possible, to com- 
bine the two, using the first only as a general check on the 
second. 

In spite of all precautions, however, it will be found that there 
are times when the barometer is worse than useless. Such a time 
is indicated on Plate I, beginning at 9 in the morning of the 25th 
and ending shortly after noon on the 26th, another beginning at 
3 in the afternoon of the 22d and ending at 4 in the morning of 
the 23d. Short disturbances of this kind occur also at 2 a.m. of 
the 21st, and shortly after noon of the 14th. These irregular 
movements almost always occur during storm periods accom- 
panied by gusty winds, and are generally of short duration, though 
I have known them to extend over the greater part of a week. 
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At such times the observer should proceed with great caution, or 
what is far better, cease work entirely. 

An explanation of these irregularities may be found in the 
fact that cyclones and anticyclones are not the simple eddies that 
they are commonly supposed to be, but contain within them many 
smaller ones, each with the characteristics of the larger, but which 
pass over us so swiftly, or are so shallow, that they escape notice. 
It is these small eddies that give rise to the cumulus clouds and 
cirrus stripes of the anticyclone and to the cirrus stripes and clear 
spaces of the cyclone, while to the larger ones, or groups of them, 
we owe our thunder storms, and tornadoes. They are technically 
known as surges. 

Having shown that by the exercise of the same intelligent 
attention which must accompany any scientific work, the sources 
of error which inhere in the aneroid may be kept under control, 
and that results sufficiently accurate for the purpose indicated 
may be reached, we come next to consider the method of pro- 
cedure in the field. 

Having assumed a datum plane, far enough below the surface 
at the starting point so that no negative readings need be recorded, 
we run a series of base lines crossing the area at intervals of five 
or ten miles, using every precaution to guard against errors, and 
establishing stations at frequent intervals, so well described that 
they may be recognized when again met with. These base lines 
should all be doubled, that is, each should be run in the opposite 
direction, readings being taken at the stations established during 
the first traverse. A comparison of the two sets of readings will 
usually enable the observer to eliminate all errors, if the work 
has been well done, but if wide differences are still found, a third 
traverse, more carefully made, should correct them. These base 
lines will furnish the means of establishing the water slopes of 

the streams that cross the area, and these, together with the base 
lines themselves, will enable the observer to frequently check 
his work while making the traverses with which the details are 
filled in. 
No topographic survey can be absolutely correct, that is, the 


i 
4 
a: 
és 


136 THE JOURNAL OF GEOLOGY. 


results of the very best are only generalizations, taking account 
of the larger irregularities of surface, but paying no attention to 
the lesser ones, hence it is necessary that at the outstart a thor- 
ough understanding should be had as to the degree of accuracy 
desired, so that the traverses may be arranged to touch all points 
of elevation or depression that come within these limits. All 
points at which observations are made should of course be accu- 
rately located on the map. Much use should also be made of 
descriptions and sketches made on the spot. 

Where railroads, or other lines of levels, cross the area, their 
profiles should be taken as base lines, but too much reliance 
should not be placed on their accuracy. Some of them are excel- 
lent and their results may be taken without question, but others 
are very poor. An error of one foot to the mile is not at all 
uncommon in these surveys, and much larger ones are frequently 
met with. One which I have in mind, the official profile of an 
Illinois road, has an error of nearly one hundred feet in about 
fifteen miles. 

The results of all observations having been recorded in their 
proper places on the map, they should be translated into contour 
lines, which will at once indicate the variations in surface. See 
Plates I]. and III. I would strongly advise that the preliminary 
contour map be made éy the observer, and for each small section 
separately while the details of surface are fresh in his mind. These 
maps can then be brought together and re-drawn by more expert 
hands. 

It was my fortune during the years 1892-3 to direct a sur- 
vey of the entire state of Illinois, along the lines indicated above. 
The time allowed was so short that the work had to be pushed 
winter and summer, without regard to weather. The task was 
rendered much easier than it otherwise would have been, by the 
large number of railroad lines which cross the state in every direc- 
tion, and by the kindly courtesy of their officials, through whom 
I was enabled to obtain profiles of the lines. These profiles, after 
they had been brought into accord, formed admirable base lines 
from which to carry on the other work. Under these conditions 
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the task was completed in sixteen months, with an average force 
of ten men, and at a total cost of ‘twenty-five cents per square 
mile. The degree of accuracy attained can be inferred by the 
following facts. Each county was surveyed separately. Asa 
rule the observers who surveyed contiguous counties were unac- 
quainted with each other’s results. When the county maps were 
brought together it was found that the average difference in the 
elevation assigned to common points was less than ten feet. A 
difference of twenty-five feet was occasionally met with, but was 
not frequent. These errors were corrected, and the maps re-drawn, 
omitting most of the elevations, but retaining the contours. Plate 
II. is a reproduction on a much reduced scale of the map of one 
of the rougher counties, while Plate III. represents one of the 
more level ones. 

Better results could, of course, have been reached had it been 
possible to devote more time to the work. 

C. W. Roire. 


UNIVERSITY OF ILLINOIs, 
December 20, 1894. 
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A PETROGRAPHICAL SKETCH OF ASGINA AND 
METHANA.' 


PART III. 


Segregations —Before taking up the discussion of the chemical 
composition of the rocks described in Part II. it will be well to 
describe a series of segregations (endogenous enclosures) found 
in them, so that their chemical composition, which is closely 
related to that of the enclosing rocks, may be discussed at the 
same time with that of the latter. 

A few preliminary words may be allowed on the use of the 
term above given. The various forms of foreign matter that 
occur in rocks and minerals are of such common occurrence and 
so frequently referred to that the use of simple terms to denote 
the different occurrences seems advisable. Those suggested by 
Lacroix? seem to be the best possible, as well as consistent with 
the present usage of many petrographers. The term inclusion 
(Fr. inclusion) is reserved for foreign bodies in the component 
minerals of a rock which are derived from the same magma as 
the including mineral ; enclosure (Fr. enclave) denotes fragments 
g., such as have been torn away 


from the conduit walls; finally, segregation (Fr. ségrégation, Germ. 


of foreign rock in eruptives, e. 


Nore.—As the writer was unable to revise the proofs some errors have crept into 
the foregoing parts of this paper, and the following corrections must be made : 

II. 789, line 18; 806, lines 29, 31; 807, line 17; III. 44, line 3, for “ Kolautziki 
read “ Kolantziki.” 

II. 805, line 7, for “ 227-239 B.C.” read “ 276-239 B.C.” 

II. 812, line 27, for “ von Lubach” read “ von Seebach.” 

ILI. 38, line 31, after “ coast” zzsert “ of Methana.” 

III. 40, lines 7, 32, for “ Vesili” read “ Vasili.” B.S. W. 


” 


‘Continued from page 46. 
2A. Lacroix: Sur les enclaves acides des roches volcaniques d’Auvergne. Bull. 
d. services de la carte geol. de la France. No. 11, 1890, pp. 25-56. Ref. in Neu. 
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Ausscheidung) is reserved for the masses (whether isolated or in 
streaks) formed by the earlier crystallized or solidified portions 
of the molten magma. The above distinction between “inclu- 


sion” and ‘enclosure’ was proposed by me ina paper on the 
basalts of Kula in 1894;* and it will be seen that “enclosure” 
corresponds to the generally used term “exogenous enclosure,” 
while ‘“‘segregation”’ answers to the longer “endogenous enclo- 
sure.’ The term “segregation” is preferable to “aggregation,” 
“concretion,” or “secretion” since the last three are all in gen- 


eral use with well marked connoted meanings. 
In almost all the eruptive rocks of the region, with the excep- 
tions of the biotite-dacite of Kolantziki, and the hypersthene- 
andesites of Oros and Chelona, there are seen spots and patches 
which differ in color and structure very decidedly from that of 
the surrounding rock. In the great majority of cases these are 
irregularly rounded, some, as at Kakoperato and at the hillock in 
the plain east of Mt. Chelona, roughly spherical or spheroidal, and 
only in a very few cases subangular. The line of demarkation 
between them and the surrounding rocks is very sharp, and they 
vary in size from that of a pea to that of one’s head. Since, as 
will be seen later, these have much the same mineralogical com- 
position as that of the enclosing rock (though differing in struc- 
tural and chemical characters) they must be regarded as true 
segregations —the products of an early differentiation and partial 
solidification of the magma at a presumably great depth, which 
have been brought to the surface as unmelted remains of still 
larger masses by the erupted lava stream. Such segregations are 
not uncommon elsewhere, but the nearest parallel to these here 
described are those found by Kiich’ in the Colombian andesites 
and dacites, as well as those in Ecuadorian lavas described by 
Belowsky,3 both of whose papers are occasionally referred to. 
These segregations are, megascopically, chiefly characterized 
by a fine, but even, granular structure made up of hornblende and 
*Am. Jour. Sci. XLVII, 1894, p. 115. 
* KUCH, op. cit. pp, 82-84. 
3 BELOWSKY, op. cit. pp. 57-60. 
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plagioclase crystals, and rather dark gray color which on weath- 
ering becomes a pinkish brown. Exceptions to this general 
structure are found in the segregations of the Kaimeni stream, and 
in one from Mt. Gaiapha, which are much larger grained and look 
like medium-grained diorites. They carry few phenocrysts 
though some are seen in almost all the specimens, in most cases 
of white plagioclase and more rarely of short, black hornblende 
prisms. The Kaimeni segregations also show several clear, color- 
less quartz grains with no augite rings, and those from Kakoperato 
some pinkish quartzes of larger size and surrounded by a narrow 
ring of green augite. 

Under the microscope it is seen that the segregations show in 
general the same mineral composition as their enclosing rock, 
except that no quartz was found in the slides, even in those of the 
dacites rich in quartz. We can distinguish in the sixteen specimens 
examined two distinct varieties which differ considerably in struc- 
tural and in mineralogical characters ; first with the mineralogical 
composition of hornblende-augite-andesite, which are found in 
the rocks of Mts. Pagoni and Gaiapha and presumably also in those 
of Mt. Chondos, and secondly, hornblende-andesite segregations 
from the andesite of Kaimeni and the dacites of Anzeiou, Kako- 
perato and the neighborhood of Kosona. 

The first variety has a peculiar porphyritic structure of which 
the groundmass is not abundant, and is analogous to the mesos- 
tasis of some melaphyres. It is quite trachytic in appearance, 
being composed of colorless plagioclase lathes and leptomorphic 
grains, with many twinning lamella, some of which gave extinction 
angles of about 15°. No flow structure was noticed, and inter- 
stitial glass base seems to be entirely wanting in nearly all the 
specimens. In this trachytic paste are many small hornblende 
prisms and needles, all of which are entirely altered to a fine- 
grained mixture of augite and opacite, and many small, colorless 
augite crystals either prismatic and broken or of irregular shape, 
some of which seem to be derived from the large altered horn- 
blende phenocrysts. Magnetite is very rare in these segrega- 


tions. 
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The not very abundant plagioclase phenocrysts seem to be 
identical with those of the surrounding rock, showing twinning 
lamellz and carrying the same inclusions, though usually those 
of glass do not form a distinct ‘“net.’”’ One group of large plagio- 
clases includes numerous patches of brown biotite all of which 
are oriented alike (micropoikilitic structure), and a little biotite 
also acts as a mesostasis between the plagioclase crystals. The 
larger augite crystals, which are to be classed as phenocrysts, are 
quite abundant and do not differ materially from those of the 
surrounding rock. Some biotite crystals, brown in color and 
wholly altered, are also seen. 

The hornblende which is present in abundance as phenocrysts, 
though it also bears much resemblance to that of the mother 
rock, calls for special description. The crystals are all prismatic 
and, where the original hornblende substance is seen, of the usual 
brown color, though rather darker in tone. In many of the 
fresh patches of unaltered hornblende are found narrow bands of 
much darker color. These bands, which even with the use of the 
highest powers are irresolvable, show the pleochroism of the reg- 
ular brown hornblende, though modified by the greater depth of 
color. In hornblende sections cut normal to the vertical axis 
they lie parallel to the clinopinacoid, bisecting the obtuse angles 
of the cleavage lines, while in longitudinal sections (approxi- 
mately parallel to 6(010)) they cut the parallel cleavage lines 
obliquely in the direction of a positive orthodome. The angle, 
which is not quite constant, is in general 65°—70°, making the 
bands lie parallel to the plane f (301). These bands are hence 
seen to represent sections, not of sheets, but of rods, similar to 
but thicker than those seen in the hornblende of a rock from Mt. 
Pagoni. 

The alteration of the hornblende, however, is its most constant 
and characteristic feature. The crystals have all undergone a 
change, so much so that kernels of fresh substance are compara- 
tively rare. In most cases they show a mass, or else a central 
core, of fine grains of black opacite embedded in a finely granular 
mass of augite and plagioclase. These occurrences show clearly 
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that the plagioclase grains are in reality products of the altera- 
tion of the hornblende and not particles derived from the ground- 
mass which have penetrated between the augite and opacite 
grains. Inthe largest and most altered crystals this opacite core 
is surrounded by a border or frame of almost pure augite in the 
form of colorless prismatic grains, giving extinction angles of 36°, 
and their long axes parallel to the ¢ axis of the hornblende, so 
that the ends of many of these hornblende pseudomorphs have a 
fringed or bearded appearance. In the less fresh specimens this 
augite assumes a greenish yellow color, when it resembles more 
than ever uralitic hornblende. This prismatic augite does not 
only occupy the border of the hornblende pseudomorphs, but in 
many cases penetrates the opacitic aggregate in irregular patches. 
Many of these altered hornblendes show signs of great mechani- 
cal disintegration since their alteration, patches and prisms of the 
secondary augite being seen to have been torn away from their 
original positions and scattered through the groundmass of the 
segregation. Kiich (pp. 46, 176) observed apparently similar 
occurrences, though not in segregations, which he refers to a par- 
allel growth of augite and hornblende. This does not seem to be 
the correct explanation, at least for the present case, and it is 
most probable that these borders of prismatic augite are due to 
causes similar to those which produced the opacitic and “augite- 
opacite aggregate”’ alterations of hornblende, forming a later and 
probably the final stage of these. 

The occurrence of these alterations in the case of segregations 
in rocks where they also occur, while they are not found in the 
segregations in rocks containing fresh green hornblende, is very 
interesting, and contrary to what Kiich and Belowsky observed 
in their otherwise very similar occurrences. The observation 
often previously made that only the brown hornblende is liable 
to this alteration is again confirmed, and this fact seems to be a 
fundamental one to adopt in any explanation of the set of 
phenomena. Judging from the present cases it seems certain that 
the alteration took place before the solidification of the ground- 
mass, which would place the period of alteration of the hornblende 
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prior to that of the consolidation at a great depth of the magma 
forming the segregations. This seems at first sight to be at vari- 
ance with the fact already noted in the case of the hornblende- 
augite-andesites, that many of the small groundmass crystals are 
still fresh ; so that we seem driven to the conclusion that not 
only are the conditions under which the alteration may take place 
extremely variable, but that after hornblende has been formed 
and altered, a subsequent formation of fresh hornblende may 
occur. The final stage of the process is similar in physical 
structure, though chemically and genetically quite different from 
the final stage of the uralitization of augite, which we know to be 
due to the action of moisture, and it might be said that instead 
of hornblende being the stable form of augite, augite is the stable 
form of hornblende, at least of the basaltic variety. 

In one of the segregations of Mt. Pagoni accessory olivine is 
present in large colorless crystals, of a bright yellow on the 
edges. While the crystals are of irregular shape they have been 
formed, as was to have been expected, prior to the formation of 
the hornblende or augite, both of which are xenomorphic with 
respect to it. Few of these segregations differ from the type 
just described. One from Mt. Pagoni seems to have solidified 
rather more rapidly than the above, as the groundmass is a color- 
less glass base, hyalopilitic through the presence of numerous 
plagioclase microlites. In this segregation the bearded horn- 
blende pseudomorphs are especially well shown, and the plagio- 
clase phenocrysts, which are very clear and show few twinning 
lamella, are much more numerous. The other (from Mt. 
Gaiapha ) seems to have been originally very similar, but the 
groundmass is replaced by colorless calcite, which entirely 
replaces the glass and acts as mesostasis for the large crystals. 
Neither the hornblende nor the plagioclase phenocrysts of this 
segregation nor the surrounding rock in general show signs of 
decomposition, and it is possible that the calcite is rather a pri- 
mary than a secondary constituent. 

The second variety of segregations differs from those just 
described in two important respects ; the hornblende is green and 
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the groundmass is vitreous. The groundmass is composed 
largely of a perfectly clear and colorless glass base, showing no 
perlitic cracks, in which lie small water-clear plagioclase crystals 
and skeleton crystals, either forked at each end or forming a hol- 
low square, with some small hornblendes, apatite needles and, in 
the case of the Methana segregations, some small hypersthene 
prisms. Round vesicles or gas pores are also not uncommon. 
In a few cases this base is brownish in streaks and patches, the 
color being due to the presence of minute brown dust grains, and 
associated with these (in one specimen ) are very many straight 
black trichites or minute club-shaped microlites often arranged 
radially. One segregation from Kakoperato, which is especially 
rich is these brown streaks, contains also many rounded 
granospherites, which have little or no action on polarized light. 
These frequently contain, as seen only under the highest powers, 
extremely small straight black trichites, in fan-shaped aggre- 
gates. As in the preceding variety there is no evidence of flow 
structure either in the groundmass or among the phenocrysts. 

The hornblende phenocrysts are in the shape of needle-like 
crystals or prisms, elongated parallel to ¢. When embedded in 
the groundmass they are automorphic, but are on the other hand 
generally xenomorphic in respect to the plagioclase, though the 
converse also occurs. Their color is, it has been said, olive 
green, and they show no signs of alteration. An exception to 
this must be noted inthe case of one Kaimeni segregation, where 
they are yellowish brown and generally have an altered border." 
This specimen shows the dust and black trichites in the ground- 
mass in the greatest perfection, and the small hypersthene prisms 
are almost entirely altered to a brown or black substance. Large 
phenocrysts of colorless augite occur in small quantity in one or 
two of the specimens, but they are rare and call for no special 
mention except that they are always xenomorphic in respect to 
the hornblende. 

The plagioclase phenocrysts are all automorphic, generally 


' This enclosure, it must be remarked, is in a scoriaceous lava which shows many 
signs of decomposition, perhaps due to fumarole action. 


SKETCH OF 4°GINA AND METHANA. 145 


giving long rectangular sections, and are mostly perfectly water- 
clear. They do not show many twinning lamelle and occasion- 
ally have undulatory extinction, but are all certainly plagioclase. 
The extinction angle of 35° observed in one case indicates that 
they are anorthite, which is confirmed by the high percentage of 
CaO found on analysis (cf. Anals. 8, 11, Table I.). A few large 
stout plagioclase crystals are seen, the megascopic phenocrysts, 
which resemble those of the surrounding rock. They all show 
a core of glass network, or of fine plagioclase grains with very 
little glass, resembling the holocrystalline xenomorphic ground- 
mass of some porphyries. These crystals often enclose flakes of 
hornblende. 

In the reddish hypersthene-andesite of the Methone acrop- 
olis are found round, dark gray fine-grained segregations, which 
on examination under the microscope show no marked difference 
from the rock surrounding them. They also are hypersthene- 
andesites, with some accessory brown hornblende phenocrysts 
and many small hypersthene prisms in the vitreous groundmass, 
: which shows a beautiful flow structure. 

It is noteworthy that in all the segregations magnetite, 
except that due to alteration of the hornblende, exists only 
4 sparingly, it being entirely absent in one or two specimens. It 
is rather more common in those with green hornblende in rather 
large grains, which are more frequently found as inclusions in the 
hornblende than in the plagioclase. Zircon, on the contrary, is 
rather common in all the segregations as small colorless crystals, 
both included in the other minerals and in the groundmass. 
These masses show no evident signs of the action of the sur- 
rounding molten magma upon them (except in their rounded 
: outlines), and in the enclosing rock itself no traces are to be 
seen in their immediate vicinity of any change in structure or 
composition.’ The presence of glass base in them (also observed 
by Kiich and Belowsky) is interesting and, inasmuch as it is 
impossible to conceive of the masses having preserved their 


*For such contact phenomena in the case of enclosures, cf. DANNENBERG, Min. Pet. 
Mitth. XIV., 1894, pp. 17-94. 
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individuality and not being completely disintegrated during the 
violent movement of translation by the lava stream from a pre- 
sumably great depth to the surface if some solid binding material 
did not exist between the large component crystals, we must 
suppose this interstitial matter to have solidified as glass (or 
trachytic groundmass) at a great depth. This groundmass, 
whether vitreous or holocrystalline, differs radically from that 
of the surrounding rock and so cannot be supposed to be due to 
penetration of the enclosure by the still liquid magma in which 
it lay. While such enclosed masses have been classed here and 
by others as endogenous enclosures in the sense already defined 
(p. 138), yet the presence of such a glass base tends to throw 
doubt on this view and makes it seem possible that we have here 
to do with fragments of an earlier lava flow, at present buried 
deep beneath the later superincumbent lava streams. This 
question will, however, be discussed at greater length later. 


STRUCTURE AND MINERALOGICAL COMPOSITION. 

Before we begin the chemical discussion of these rocks it 
will be as well to speak of one or two points in regard to the 
general structural and mineralogical characteristics of all the 
rocks described from this region. As regards structure, it may 
be said that megascopically the most basic rocks—such as 
the hypersthene-andesites and from a certain standpoint the 
segregations —are the most even-grained and show fewest pheno- 
crysts, a porphyritic structure being more and more highly 
developed, and the size and abundance of the phenocrysts 
increasing, as a rule, with increasing acidity; the dacites on 
the whole standing in this respect (as well as chemically) at 
the opposite end from the Oros hypersthene-andesites. The 
chief exceptions to this general rule are most of the horn- 
blende-augite-andesites of the Monastery District. To put it 
broadly, the difference may be expressed by saying that basic 
rocks are largely groundmass, while the acid rocks are to a much 
larger extent phenocrystic. Microscopically it is seen also that 
the groundmass of the dacites, while less abundant, is much 
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more vitreous than that of the basic andesites. The largely pre- 
dominating groundmass of the hypersthene-andesites is made up 
chiefly of plagioclase and hypersthene lathes and augite crystals, 
with comparatively little interstitial glass base, while in the 
hornblende-augite-andesites the larger groundmass crystals are 
fewer in number (though still numerous), and the rather more 
abundant glass base is very thickly strewn with microlites, mag- 
netite grains and “dust.” 

In the dacites, on the contrary, and in the more acid andes- 
ites, as those of Poros and Spasmeno Vouno, larger crystals are 
comparatively rare in the groundmass, which is highly vitreous 
and often typically, though not densely, hyalopilitic with occa- 
sional perlitic cracks. The tendency in the basic rocks seems 
to be toward forming larger crystals in the groundmass, while in 
the acid rocks the tendency is more toward microlitic develop- 
ment. An excellent illustration of this difference of structure 
’as related to chemical composition is seen in the pyroxene-ande- 
sites of Mt. Kouragio and Mt. Chelona, the former containing 
54.53 per cent. of SiO,, while the latter contains 59.83 per cent. 
The groundmass of the latter is vitreous containing many micro- 
lites, but few larger lathes, while in the former the glass base is 
relatively much less abundant and the number of larger plagio- 
clase and hypersthene lathes and crystals in the groundmass 
very great. 

So that, in general, it may be said that in these rocks the 
more acid the rock the more vitreous the groundmass, the 
smaller and more microlitic the crystals in it, and the larger and 
more abundant the phenocrysts. To this rule there are, of 
course, exceptions, as seen in the hornblende-augite-andesites, 
since the chemical composition of the magma is only one of the 
many factors involved in the crystallization of rocks." But inas- 
much as all the rocks of this origin have solidified under quite 
similar conditions as regards pressure and rate of cooling, they 
being all massive (domal) eruptions, and stock, dike or sheet 


‘IppINGs, Crystallization of Igneous Rocks, Bull. Phil. Soc., Washington, 11, 
1889, p. 113. 
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occurrences not being represented, these factors are to a large 
extent eliminated, and the present occurrences offer a good 
opportunity for study of the relation of structure to composition. 
As regards this relation they are quite in accordance with 
Iddings’ conclusion that “the basic magmas exhibit a much 
greater tendency to crystallize than the highly siliceous or alka- 
line ones.”"? 

But it seems to me that the difference between them is not 
entirely one of simply greater or less tendency towards crystal- 
lization, but that this tendency in the two classes differs in 
quality, and that it is probable that further research will show 
that the highly acid magmas have a tendency to crystallize about 
comparatively few centers, the result being an eminently porphy- 
ritic structure, with a vitreous, felsitic, microlitic or extremely 
fine-grained holocrystalline groundmass, due probably to the 
rapid cooling of the still liquid groundmass magma; while in 
the basic rocks the tendency is to crystallize about very numer- 
ous centers, the result being a fine-grained rock with few pheno- 
crysts and the groundmass containing many small crystals and 
microlites, but comparatively little glass base. It would follow 
from this that in these last rocks the transition between pheno- 
crystic and groundmass crystals will be much more gradual than 
in the acid rocks. 

Such a relation is clearly shown on comparing the basalts 
with the trachytes or rhyolites, where the generally porphyritic 
structure and vitreous or minutely crystalline groundmass of the 
latter is in striking contrast with the slightly porphyritic struc- 
ture and groundmass full of small crystals in the former. That 
the same law probably holds good for the plutonic rocks as well 
is indicated when we compare the granites and diorites; where, 
as a rule, the former are much larger grained than the latter, the 
larger grains being the natural result of fewer centers of crystal- 
lization in a magma which was finally completely crystallized. 

Such tendencies may be most closely connected with the 


‘IppinGs, Crystallization of Igneous Rocks, Bull. Phil. Soc., Washington, 11, 


1889, p. 107. 
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greater or less fusibility of the rocks in question, their fusibility 
being in turn directly dependent on their chemical composition. 
Lack of space, however, forbids further remarks on this subject, 
and the examination and elaboration of the suggestion made 
above must be left for another place. 

Mineralogically the rocks of this region do not show, on the 
whole, very gradual transitions from one species to another, 
thany of the groups being sharply separated from all the others, 
4s in the cases of the hornblende-andesites and hornblende and 
hiotite-dacites. On the other hand there is among the members 
of the pyroxene-andesite group a gradual transition from the 
augitic to the hypersthene end; and some other cases occur, as 
will have been noticed. 

The basic rocks are decidedly more pyroxenic than the acid 
ones, and of the two members of this family present augite shows 
a decidedly greater fondness for the most basic rocks than the 
hypersthene, which is one of the main components of a large 
group of dacites; it will also have been noticed that the hyper- 
sthenic andesites are more acid than the augitic. Hornblende is 
the most prominent ferro-magnesian silicate of the acid rocks, 
the green being especially characteristic of these, while the brown 
variety is usually associated with augite. Biotite is not very 
abundant, but occurs in the most acid rocks, either alone or with 
hornblende. Magnetite does not show any well defined prefer- 
ences, but in accordance with the law just enunciated it usually 
occurs in larger crystals in the more acid rocks. 


CHEMICAL COMPOSITION. 


The analyses* presented in Table I. were made for me by 
Dr. A. Réhrig of Leipzig, while Dr. H. Lenk of the University 
of Leipzig had the kindness to make the specific gravity 
determinations. Care was taken to select the most representa- 
tive and least altered pieces, though in some cases it was 
impossible to find quite fresh specimens. The figures in small 

* TiO, was determined as the residue left on volatilization of the silica with hydro- 
fluoric acid. H,O is the loss on ignition. 
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SKETCH OF AND METHANA. 


type show the molecular proportions of the several oxides and 
will be referred to further on. 

From these analyses, which include all the prominent varieties 
of the region except the Poros andesite, it is seen that we have 
representatives of almost all the members of the andesite and 
dacite families, and that on the whole they are quite normal in 
composition. Leaving the segregations out of account for the 
present it is seen that the range of silica percentage is almost the 
complete one for the two groups, varying quite gradually from 
54.53 (No. 5) to 67.34 (No. 15), or even 68.91 in the dacite of 
Kalamaki.t| The line between the dacites and the andesites is 
quite sharply drawn, though the dacite of Anzeiou shows an 
abnormally low percentage of silica (61.29). The other dacites, 
though, show quite normal amounts, and the dividing line may be 
drawn at 61 per cent. of SiO, ,? the most acid of the andesites, that 
of Poros, containing 60.21 per cent. (according to Lepsius, doc. ctt.). 

The presence of chlorine in all the specimens in which it was 
tested for is of interest and analogous to results obtained elsewhere 
in volcanoes very near the sea.3 Attention may here be called 
to the much smaller quantity of Cl. in the segregation (No. 14) 
than in its surrounding rock (No. 13). The H,O is in quite large 
amount in several, and is more than can be accounted for by 
perlitic groundmass. . All the specimens, however, except No. 2, 
seemed quite fresh. 

While both of the analyses of hornblende-andesite (Nos. 1 
and 2) can be quite closely paralleled by analyses of the same 
species from other localities, yet they show inter se great differ- 
ences in their percentages of silica and alumina. The very low 
silica content of the Stavro rock is the more surprising inasmuch 
as on account of the presence of tridymite, green hornblende and 
biotite and on other grounds, a considerably higher amount of 

‘Lepsius in PHILippson, Pelop., p. 603. The SiO, determination in the Sousaki 
dacite is not counted here as the specimen was not fresh. 

?The analyses of Kicu (op. cit. p. 78) indicate about the same limit, his most 
acid andesite containing 62.26 per cent. SiOz. 


3 Vesuvius, Anals. of Haughton, in Roru. Beitr. z. Petr., 1884, p. lvi. Etna, Anals. 
of Ricciardi, /did., p. Ixxvi. 
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SiO, was to be expected. The very large amount of Al,O, is also 
very remarkable, it being the largest of the whole series; and, 
since calculation shows that the extra amount of Al,O, in No. 1, 
over No. 2, if determined as SiO,, would bring the percentage of 
the latter in No. 1 up to 58.46 (2. ¢., nearly equal to that of No. 
2), while the other oxides in the two are in closely similar amounts, 
it is feared that a mistake has been made by the analyst. On 
this account (though with some hesitation) I have decided not to 
use analysis No. 1 in the further discussion of these rocks. The 
mistake suspected does not, however, affect the other constit- 
uents and we find them quite normal, the alkalies low, with Na,O 
greater than K,O, and the lime, in accordance with the character 
of the plagioclase, higher than both together; while the iron 
oxides and magnesia present no special features of interest, except 
that the ferric oxide is much higher than the ferrous. 

In all the pyroxene-andesites (Nos. 3-7) the silica is low, 
though considerably higher in the last two, which are from 
Methana. Alumina inthe Mt. Kouragio rock ( No. 5) is extremely 
low, but elsewhere quite normal. The iron oxides are greater in 
amount than in any other group, the ferric oxide being either less 
or only slightly greater than the ferrous, which is due to the 
abundance of hypersthene; in the hypersthene-free andesite of 
Mt. Chondos (No. 3) the ferric oxide is, on the contrary, much 
more abundant. They are all rich in lime and magnesia but poor 
in alkalies, the large amount of lime being due to the basic char- 
acter of the plagioclase. 

The acid dacites show a normal amount of Al,O,, but are 
much poorer in lime and richer in soda than the other groups 
which bears out the conclusions drawn from the optical exami- 
nation as to the character of the feldspar. The comparatively 
large amount of K,O in the Kakoperato dacite (No. 10) points 
to the presence of some orthoclase as has been already men- 
tioned. They are, on the whole, rather rich in iron and mag- 
nesia for the group, and in two cases the ferrous oxide is greater 
than the ferric. 

The segregations are all low in silica and alkalies but high in 
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lime and magnesia, with alumina and the iron oxides quite vari- 
able. But a specially interesting point is the comparison of 
their analyses with those of their surrounding rocks of which 
three examples are given. The most striking fact is that in all 
three the segregations are more basic than their hosts, in one 
case the former containing 8.19 per cent. of SiO, less than the 
hornblende-dacite which carries it. They are also notably richer 
in lime, the same case as above containing 2.3 times as much as 
its host. They are also richer in magnesia. In general they are 
poorer in alkalies, though this not so prominent, but there 
seems to be no fixed relation as regards the alumina or the 
iron oxides. These results, which are what we would have been 
led to expect from the microscopical examination and our pre- 
vious knowledge of segregations’, confirm us in the belief that 
we have in these masses to do with true segregations (endoge- 
nous enclosures) and not (exogenous) enclosures. 

Mention has already been made of the fact that the rocks of 
the Stavro district, Mt. Oros, Mt. Kouragio and Mt. Chelona are 
extremely poor in, if not quite free from, segregations, while on 
the contrary the dacites (with the exception of the Kolantziki 
rock and the Poros and Kaimeni andesites are rich in them. 
Now on referring to the analyses it will be seen that the rocks 
poor in segregations belong to the more basic members, while 
those carrying many of them are quite or very acid. The rocks 
of the Monastery District seem to occupy an anomalous position 
in this respect, since they generally abound in segregations, while 
at the same time the only one analyzed (No. 3 from Mt. Chon- 
dos) contains only 55.46 per cent. of silica. It must be noted, 
however, that the Mt. Chondos rocks carry fewer of these 
masses than the rocks of Mts. Gaiapha and Dendros, and it is 
possible that analysis of these last will show them to be richer 
in silica than No. 3. 

Leaving these rocks then out of the question, the poverty of the 
basic rocks in the basic segregations points, like the consideration 
above brought forward, to the conclusion that these masses are 


*Cf. ZIRKEL, op. cit, II., p. 788. 
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in reality segregations and not enclosures. In accordance with 
the theory of the differentiation of magmas the large masses of 
basic andesites as well as the smaller segregation masses are the 
products of such a differentiation process, so that the later ejected 
acid products would carry up with them parts of the later more 
basic differentiation products (the segregations) still remaining 
behind, while the main andesitic masses were ejected before these 
last were formed. That such is the true explanation is indicated 
by the fact that the segregations are, relatively to the neighbor- 
ing basic rocks, richer in lime and magnesia, poorer in alkalies, 
and containing at the same time either exactly the same percent- 
age of silica or even less (cf. Anals. 4 with 11, 6 with 8 and 
14). 

Again, if the masses in question were merely fragments of 
earlier now buried lava outflows, it is difficult to understand why 
the later basic streams of Oros, and the rest did not carry up 
fragments when such contiguous outflows as those of Kako- 
perato or Mt. Gaiapha did do so. 

As to the specific gravities it will be seen that the more 
basic pyroxene-andesites are considerably denser than the horn- 
blende-andesites or the dacites, and that the enclosures have 
likewise a decidedly higher specific gravity than their enclosing 
rocks. 

Order of eruptions—I\lt has already been mentioned that, 
though the evidence at present available is scanty, the eruptive 
center of Aigina shifted as time went on from the south to the 
north. If, as seems probable, this be true, we find that the erup- 
tions began with pyroxene-andesites and ended with more highly 
acid hornblende-andesites, the order of eruptions being, on the 
whole, one of increasing acidity. The establishment of this rela- 
tion is of some importance, and we shall see whether the other 
occurrences of the region bear out the above conclusion or not. 

The most striking and conclusive case is met with in the 
Oros district, where the certainly later flank eruption of Anzeiou 
and Kakoperato are much more acid than the earlier main out- 
flows forming Mt. Oros. A similiar relation also obtains in the 
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Stavro district, where the later Spasmeno Vouno erupted mate- 
rial is more acid than the Stavro rock since, even making the 
alteration in the SiO, percentage mentioned further back, we 
find the acidity to be less than that of the former. The 
main Methana eruption also points the same way inasmuch 
as the earlier eruptions are all much more basic than the later 
flanking dacitic ones. One remarkable exception which has doubt- 
less also struck the reader must, however, be noted. At Kaimeni 
the site of the very last eruption in the whole region, we should 
expect to find, in accordance with the rule above, a quartz-bear- 
ing dacite, perhaps like those of the mainland to the north; 
whereas we find a hornblende-hypersthene-andesite scarcely vary- 
ing in chemical composition from the much older eruption of 
Mt. Chelona,’ a gentle reminder that in the present state of our 
knowledge of the laws governing the chemical constitution of 
rocks generalizations must not be pushed too far.2_ While this 
exception is striking, yet it does not invalidate the rule enun- 
ciated above, and which we may regard as established for this 
region, that the order of eruptions was one of increasing acidity. 
The relation of these rocks to one another in time is that most 
usually observed among the several possible cases.3 A closely 
parallel series of eruption products, though on a larger and more 
complete scale, has been described by Iddings* as occurring in 
the Yellowstone National Park. It is unfortunate that no data 
are at hand for determining the relative age of the rocks from 
any one group of the localities whose rocks are described by 
Kiich and Belowsky, since their comparison would be of great 
interest owing to the many points of similarity between their 
specimens and those described in the present paper. 

‘It may be recalled that in the Kaimeni specimens are found a number of quartz 
grains which are conspicuously absent from the Chelona rocks. 

?As IppINGs has pointed out (Orig. Ign. Rocks, Bull. Phil. Soc., Washington, 12, 
1892, p. 178) such reversions to an earlier type of differentiation products are not 
at all unusual. 

3Cf. ZIRKEL, op. cit., L., pp. 810 ff. 

4Erupt. Rocks of Electr. Peak and Sepul. Mt., 12th Ann. Rep. U. S. Geol. Surv., 
Washington, 1892, pp. 577-663. 
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To return to the analyses for a few moments, it will be seen 
on examination that the rocks of A®gina are, on the whole, 
notably less acid than those of Methana; the main mass of 
AEgina (excluding such small eruptions as those of Anzeiou and 
Kakoperato) being made up of andesites with a silica content 
not exceeding 56 per cent., while a large part of Methana is 
composed of dacites with over 61 per cent., and the most basic 
rocks have not less than 59 per cent. or more. This difference is 
most strikingly shown on comparing such similar rocks as those 
of Mt. Oros and Mt. Chelona, they being both hypersthene- 
andesites of very similar mineralogical composition. Here we 
find that the silica percentage of the former is 55.87, while in 
the latter it is 59.83. A similar result is reached on comparing 
the analogous rock of Mt. Chondos with that of Kaimeni, the 
respective SiO, percentages being 55.46 and 59.94. It may also 
be noticed that the dacites of fEgina are less acid than the 
dacites of Methana. When we look at these facts in the light 
of the law above laid down it follows that, on the whole, the 
eruptive activity of Methana most probably belongs to a later 
period than that of AZgina; which conclusion is supported by 
the fact that the only known historical eruption of the region 
took place on Methana, as well as by the absence in the latter of 
andesitic breccia cemented by tertiary limestone, and by the 
general appearance of the two islands. 

Iddings* has endeavored to show that, as a rule, “the order 
of eruptions for any complete series of igneous rocks is from 
intermediate to more and more extreme varieties” (Joc. cit. p. 
183), so that at the beginning rocks such as the andesites are 
poured forth while at the close the eruptions are of basalt and of 
rhyolite; the exceptions being explained ‘as belonging to 
unfinished progress of differentiation and eruption. While the 
exceptions are numerous and often not explicable in this man- 
ner, yet, in many localities, this law does undoubtedly hold 
good, and it will be of interest to determine whether this law 
also applies in the region which is the subject of this paper, as 


* Orig. Ign. Rocks, pp. 144 ff. 
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well as at the volcanic centers situated on: the same fracture 
line. 

If we adopt Iddings’ view it would seem, as the same writer 
has suggested in the case of the South American volcanoes,’ that 
the volcanoes of the A°gina-Methana region are comparatively 
young and have not completed their full course of differentiation. 
Whether this course will eventually be completed, or whether for 
some unknown reason they have ceased activity forever, and 
will never reach the basalt and rhyolite stage it is impossible to 
say, though the latter is decidedly the more probable, as has 
been mentioned above. 

But it must be remarked (as was pointed out by von Buch 
many years ago*) that basalt is entirely lacking along the whole 
volcanic line from Nisyros to Kolantziki.3 On the other hand, 
rhyolite is said to occur on the islands of Kos‘ and Milos,’ though 
in the case of the latter, owing to imperfect description and lack 
of analyses, its occurrence is somewhat doubtful. In these two 
cases the volcanoes are most certainly extinct, but no indication 
is given as to the relative age of the rhyolite as compared with 
the andesites which compose the other eruptive masses of the 
two islands. The volcano of Santorini is not yet extinct,® and. 
here, to judge from the not very numerous good published 
analyses (which, moreover, do not cover the various varieties 
completely) it seems probable that the order of eruptions has 
followed the same law as in our district, the earliest rocks (those 
of Balos and Megalo Vouno and Thera) having been either 

Jour. OF GEOL., L., p. 169. 

?v. Bucn: Phys. Besch. d. Canar. Inseln. Berlin, 1825, p. 359. 

3 Basalt occurs to the north at Samothrace (NIEDZWIEDZKI: Min. Pet. Mitth., 
1872, p. 107) and near Persufli in Thessaly (LEpsius: Geol. v. Attica, Berlin, 1893, p. 
169), which we may suppose to be on a westward continuation of the Asia Minor line 
running from Armenia through Afium Kara Hissar and the Katakekaumene to the 
Troad and Lemnos, along which we know basalt to occur. 

4 DoeLTER: Verh. Geol. Reichsanstalts, 1875, p. 233. 

5 EHRENBURG: D. Inselgruppe v. Milos, Leipzig, 1889, p. 102. RotTH: Geol. IL, 


© The crater of Giorgio Kaimeni was in a solfataric state when I visited it in the 
spring of 1893. 
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shown by chemical analysis to be low in silica or else described 
as anorthite lavas,’ while the latest outflows of Giorgio Kaimeni 
belong to the most acid pyroxene andesites.* But here again we 
have no trace of either basalt or rhyolite. As will be shown 
farther on, the rocks of Nisyros are probably similar to those 
described here, but scarcely anything is known of them. 

Taking all the above facts into consideration, viz., the per- 
manently extinct condition of Kos and Milos, and the almost as 
certainly extinct condition of our region, the total lack of basalts, 
almost total lack of rhyolites, and the overwhelming preponder- 
ance of intermediate andesites shading into dacites or very acid 
pyroxene-andesites,3 and the not very basic character of the 
segregations, we may conclude that, while Iddings’ law holds 
good for this region, it does so only partially ; in that as the 
eruptions proceeded the magma became more and more differen- 
tiated, but that this process of differentiation never reached (as 
far as we can prove positively from the evidence of erupted 
materials), and probably never will reach, the extreme stages of 
basalt and rhyolite, the limits reached here being in one direction 
andesite with about 54 per cent. of SiO, and in the other dacites 
or andesites with 68—69 per cent. SiQ,, 


THE REGION AS A PETROGRAPHICAL PROVINCE. 


The scope of this paper as well as lack of space forbid my 
entering here into a complete discussion of the characters of the 
whole Atgina-Nisyros fracture line, but some remarks may be 
made on its general characters regarded in the light of a “ petro- 
graphical province.’’ As has just been pointed out the larger 
part of the eruptive rocks along this fracture line are pyroxene- 
andesites, with smaller quantities of hornblende-andesites, which, 
as the magma becomes more and more differentiated, run into 
highly acid andesites or else dacites, with perhaps some rhyolite. 

* FoUQUE : Santorin, pp. 334, 341. Cf. Rotu: Geol. IL., 362. 

RoTH: Beitr. Petr. 1869, p. cxxiv. 

3It may be here remarked that as far as the published accounts and my own 


observations permit me to judge the eruptions near Smyrna and Pergamon were like- 
wise confined entirely to andesites, and they are now certainly extinct. 
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The whole line is an excellent example of a petrographical 
province, the prevalence of hypersthene and colorless augite, 
and probably also the predominance of bytownite and anorthite 
among the feldspars, with absence of orthoclase, being some 
of the characteristics. But much work remains to be done in 
this direction along the whole line before we can feel justified in 
describing it. 

The mineralogical and petrographical characters of the 
Santorini lavas are so well known that nothing further need be 
said of them here in this respect ; but from a chemical stand- 
point, while they were examined with great care by Fouqué, yet 
many of the analyses are so unsatisfactory, and they cover such 
a small number of the various occurrences, that our kuowledge of 
them is still very incomplete. 

From the short and net very detailed descriptions of Ehren- 
burg and Roth, cited above, it would seem that the augite, 
hypersthene, and hornblende-andesites of the Milos group closely 
resemble those of A2gina-Methana, even in small details such as 
the occurrence of the hypersthene, glass “‘net-work”’ inclusions 
in the feldspar phenocrysts, rose color of the quartzes, and so 
forth. Unfortunately Ehrenburg does not mention the color of 
the hornblende of the hornblende-andesites, and no information 
is vouchsafed us by either author as to the chemical composition 
of the rocks. 

Again, Nisyros, since it was visited by Ross’ in 1841, who 
spent two days there and gives a short account of it, seems never 
to have been visited, and certainly never described by a geologist. 
When Ross was there it was in a solfataric state, and he describes 
the crater, the lava streams flanking the mountain and form- 
ing promontories in the sea. He speaks of the lava as black and 
mentions much ash and pumice as strewing the surface of the 
ground, but from his account we can form scarcely an idea of 
the petrographical character of the rocks of the island. 

In the course of some excavations at Platza in Beeotia in 1889, 
however, I found fragments of large corn-grinders made of a 


‘Ross: Reisen auf den Griech. Inseln. Stuttgart. Vol. II. 1843, pp. 68-80. 


| 
re 
| 
7 


160 THE JOURNAL OF GEOLOGY. 


dark lava, and similar objects made of the same rock were dis- 
covered during the excavations of the American School at the 
Heraion near Argos. The rock is dark gray in color, fine-grained 
and finely vesicular and shows a few small phenocrysts of horn- 
blende and plagioclase, with one or two larger quartz grains. 
Under the microscope it is seen to be a hornblende-andesite with 
a hyalopilitic groundmass of colorless glass base and numerous 
plagioclase microlites showing flow structure, the rather abun- 
dant phenocrysts being chiefly yellowish brown hornblendes, 
altered opacitically on the borders, with some clear colorless 
augites and large plagioclase crystals, many showing a “net- 
work” core. 

Microscopically it has a certain resemblance to some of the 
‘gina rocks, though neither megascopically nor microscopically 
is it identical with any of the rocks seen or collected by me at 
gina, Methana or Santorini, nor does it correspond to any of the 
descriptions of Doelter or Ehrenburg of the rocks of Kos or 
Milos. It seems then almost certain that it does not come from 
any of these islands. Now, Strabo" informs us that the island of 
Nisyros supplied the neighboring region with excellent mill- 
stones, so that it seems reasonable to suppose that the corn- 
grinders found at Plataa and Argos (which were Strabo’s mill- 
stones) came from Nisyros. If this be so it would go to show 
that Nisyros has been ejecting much the same sort of rock as 
the volcanoes further west on the same line, which is a priori to be 
expected. It is needless to remark that the above argument is 
of very little weight, and it is chiefly inserted to emphasize the 
slightness of our knowledge of the Nisyros rocks. 

However, leaving aside for the present the other volcanic 
centers of the fracture line, let us examine more closely the rocks 
of our present region. For this purpose I have constructed the 
diagram of the molecular variation of their constituents as shown 
in Diagram 1. The molecular amounts of silica are given by the 
abscissas, the limits of the diagram extending from .850 to 1.150. 
The iron oxides are given as FeO. In the upper part the six 


Geogr., X. 5-16. 
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DIAGRAM 1.—Moilecular variation of the rocks of the 4 
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main constituents (except SiO,) are plotted together, while in 
the two lower sections they are given in two parts to avoid con- 
fusion and bring out more clearly some of the features of interest. 
I have arranged them somewhat differently from Iddings’ pre- 
vious diagrams, grouping together the CaO, Na,O and K,O, 
since these elements occur most prominently together in the 
feldspars, FeO and MgO occurring together in the ferro-magne- 
sian silicates, and with these last two I have placed the AI,O,. 

It is seen from this that alumina occupies a very high position 
though with considerable variation. In the more basic rocks it 
is surpassed three times by the CaO, which in this part of the 
diagram varies inversely as the Al,O, does, while later the two 
lines run almost parallel, the CaO being considerably lower, and 
dropping a great deal as the SiO, increases. CaO and MgO 
run also approximately parallel, though the drop in MgO is less 
than in the other, and the inverse variation of Na,O to both is 
well seen, especially with CaO and Na,O in the middle section. 
K.O follows the Na,O line fairly closely, but its variations are 
always less than those of the other constituents, and it remains 
throughout in the lowest position, Na,O being at least twice and 
often more than three times as great. It may be noted that in 
only two cases do the molecules of Na,O and K,O sum up more 
than those of CaO. AI,O, and FeO also vary inversely at the 
very end, where there is a considerable drop in the FeO. MgO 
and FeO have quite similar lines, though at one point their varia- 
tion is inverse, the latter maintaining an almost constant lower 
position. MgO varies on the whole inversely to K,O and still 
more markedly so to Na,O. , 

The relations of the segregations to their enclosing rocks is 
beautifully shown; the three* segregations come also together 
near the basic end, while the three hosts come nearly together 
towards the acidic end; the richness of the segregations in lime 
and magnesia, their poverty in soda, and the variable character 
of the alumina and iron being well brought out. 

Attention has already been called to the fact that the A‘gina- 
Methana rocks show many points of resemblance to those of 
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Colombia and Ecuador in their chemical composition, their 
structure, their mineral composition and in their segregations, 
even down to small details. It will hence be instructive to com- 
pare the diagram of the molecular variation of the present rocks 
with those of Colombia and the Andes volcanoes (especially 
the former), which Iddings has already published on pages 173 
and 174 of Vol. I. of this journal. 

On comparing the diagrams great differences are at once 
apparent. In the first place in our region the AI,O, line, while 
on the whole the highest, is crossed at the basic end by both 
CaO and FeO, whereas in Iddings’ diagrams it is far above all 
the others, and moreover drops notably more toward the acidic 
end than in the present diagram. In the South American rocks 
it runs much more parallel on the whole to CaO than in ours 
and is also markedly parallel to FeO, while in the Greek rocks 
the two are inverse throughout almost their entire course. 
Al,O, and Na,O are decidedly inverse in both regions, but in 
the South American rocks the two alkalies are inverse (espec- 
ially in the Colombian rocks), while in Greece they are 
parallel. Another striking point of difference is the behavior of 
the CaO, MgO and FeO molecules which in both of Iddings’ 
diagrams run close together and in the Andes rocks especially 
are much intertwined; in the Greek rocks on the other hand 
they run quite far apart from each other. 

Further study of the diagrams will reveal many more points 
of dissimilarity, but those mentioned are sufficient to show that 
the rocks of the two regions are differentiation products of widely 
different magmas; in other words that the two petrographical 
provinces are fundamentally distinct. The same differences are 
also seen on comparing our diagram with that of the rocks of the 
Yellowstone National Park given by Iddings,’ and which he 
remarks show a great similarity to those of the Andes rocks. 
The diagram here given may also be instructively compared with 
those rocks from other localities given in the same paper. 


‘Orig. Ign. Rocks, Pl. II. I was unfortunately unable to consult the paper by 
Dakyns and TEALL (Q. J. G. S. 48, 1892, p. 104) quoted by him in Jour. oF GEOL. 
I., 170. 
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Such differences in the fundamental chemical relations of the 
rocks of two widely separate regions are of very great interest 
especially, as Iddings has already pointed out," as showing thet the 
great bodies of magma beneath various volcanic centers or fracture 
lines differ radically from each other in chemical composition, 
and that the ideas of the consanguinity of rocks and the differen- 
tiation of magmas are true ones and based on deeper and more 
real distinctions than differences in mineralogical composition or 
the habit of the component minerals, which seems to have been 
the main idea in the minds of the originators of the term “ petro- 
graphical provinces.”’? 

In order to test this view further and set the reality of the 
term “petrographical province” more clearly and convincingly 
before the reader, I prepared Diagram 2, which represents the 
molecular variation of the eruptive rocks of Santorini, as given 
by the analyses shown in Table II. This diagram can only be 
regarded as an attempt at expressing the relations between the 
Santorini rocks, since Fouqué’s analyses are most unsatisfactory 
(as is evident from an examination of them) and the probably more 
correct analyses quoted by Roth chiefly embrace the more acid 
rocks of Thera and the later eruptions. More analyses of the 
various lavas of this group are much to be desired and a diagram 
prepared from them would be much more conclusive than the 
present one. 

Notwithstanding the unsatisfactory character of the analytical 
material the resulting diagram surpassed my expectations in 
regard to the similarity between the two districts, the two show- 
ing the same character in almost every respect, even down to 
details. The similarity will be evident at the first glance and the 
remarks on Diagram 1 will answer for Diagram 2, but to make it 
more emphatic I may call attention to a few points. 

Na,O and K,0O are in both beautifully pasallel and with much 
the same habit, though in the Santorini rocks they drop a little 
at the acidic end, which, it must be remembered, is slightly higher 


* Orig. Ign. Rocks, p. 135. 
?VOGELSANG, Z. d. d. Geol. Ges. 1872, p. 507. JuDD, Quart. Jour., Geol. Soc. 


1886, p. 54. 
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here than in the other... CaO and Na,O are beautifully inverse 
in both, except at the acidic extremity on Santorini where they 
both drop slightly together. They also cross in these rocks, 
soda becoming higher than lime at this end. FeO and MgO 
show the same kind of parallelism, and both are inverse toward 
Al,O, throughout nearly all their length, but with the parallelism 
at the acidic end (especially between FeO and AI,O,) well shown 
in the two diagrams. The inverse variation of Al,O, and CaO at 
the basic end and their parallelism toward the acidic end is well 
marked in both. But the above are sufficient, and further exam- 
ination will only bring out more clearly the extremely similar 
character of the two lavas. 

It would be most interesting to draw our conclusions from 
an examination of the diagrams given as to the character of the 
original magma, but it will be better to wait until a more satis- 
factory diagram can be drawn for Santorini with, if possible, one 
of Milos and Nisyros. By studying sucha group of diagrams from 
a well defined volcanic fracture line the conclusions we might 
arrive at would be more valuable than those derived from less 
complete material. It may be worth remarking though, that, 
judging from these two examples, we can assert with much con- 
fidence that the rocks of Milos and Nisyros will be found to fur- 
nish diagrams resembling in their main features, if not in details, 
those given in this paper; that their general petrographical char- 
acters will be found to be very similar to those of the A%gina- 
Methana region, and also that the so-called rhyolite of Milos is 
in reality a dacite. 

In conclusion, I may say that the two diagrams given here 
are sufficient to prove conclusively that not only do the eruptives 
of A2gina-Methana and Santorini belong to the same petrograph- 
ical province, 2. ¢., are derived from the same main body of 
magma (which was a priori to be expected), but that this petro- 
graphical province has a magma quite different from that of the 


‘Compare the K.O lines of these diagrams with those in the diagrams of the rocks 
of the Andes and the Yellowstone National Park, where the most acid rocks are rhyo- 
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Andes, which was a friori not to be expected, since their solidi- 
fied differentiation products (the lavas) so much resemble each 
other when examined individually by the usual petrographical 
methods. From this point of view such a comparison as has 
been here attempted is of special interest as going to show that 
the various bodies of magma beneath the earth’s crust which 
supply the different volcanic centers are not identical,—parts of 
only one large interior mass,—as some have maintained who 
base their opinion on the superficial resemblance ; though future 
research may show that these separate bodies of magma are them- 
selves differentiation products of one original magma mass. But 
only a beginning has been made in the investigation of the differ- 
entiation of rock magmas, and, with Professor Iddings, I must 
put in a plea for fuller sets of analyses of the eruptive rocks from 
the various volcanic centers of the globe, as only such complete 
sets can furnish the data requisite for solving some of the prob- 


lems that confront us. 
Henry S. WASHINGTON. 
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ON CLINTON CONGLOMERATES AND WAVE MARKS 
IN OHIO AND KENTUCKY’. 


WITH A RESUME OF OUR KNOWLEDGE OF SIMILAR OCCURRENCES 
IN OTHER SILURIAN STRATA OF THESE STATES, AND THEIR 
EVIDENCE UPON PROBABLE LAND CONDITIONS. 
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* Continued from Vol. III., No. 1, p 50. 
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PEBBLES AND WAVE MARKS IN THE ONEIDA, MEDINA, AND 
CLINTON GROUPS. 

The Medina of Ohio and Kentucky furnishes so few facts of 
interest in this connection, and in places so difficult to distinguish 
from the Clinton, that it will not be considered separately but 
will be discussed under the above heading. 

Observations of the Kentucky Survey.—No Oneida is exposed 
in Ohio. In Kentucky a conglomerate two inches thick, with the 
characters ascribed to the Oneida conglomerate of New York, is 
found in Boyle county. 

Medina.—The rock supposed by Kentucky geologists to 
belong to the Medina is exposed in Lincoln county. Here it 
reaches a maximum thickness of 35 feet. In the western part 
of the county it is thinner. The whole series has the appearance 
of having been deposited largely or entirely by currents, and 
sometimes, probably, in the face of waves, as at several points 
one or two layers have a wave-like structure. In Garrard county 
the Medina has a maximum thickness of 35 feet, decreasing 
towards Madison county, northeastward. In Clark county the 
total thickness of the Medina is probably 20 feet, including nine 
feet of sandstones and shales at the bottom, and 11 feet of lime- 
stones and shales at the top. Eastward, in Montgomery county, 
these shales increase in thickness. Only 1o feet are accredited 
to the Medina in Bath, while 20 feet are given for Fleming 
county, and the same thickness, 20 feet, also for Mason county. 

The Medina in Marion county measures only 14 feet. In 
Washington county it seems to occur with a thickness of 30 feet 
in one case, but another section gives 14 feet. In Nelson it 
varies from three to 20 feet. In Oldham county it varies from 
10 to 30 feet. 

Taking into consideration only the area between Marion 
and Bath counties, the Medina seems to thicken towards the 
southeast. Between Washington and Oldham counties its thick- 
ness is very variable, and in Fleming and Mason counties the 
thickness is apparently greater than in Bath on the south, and 
certainly surpasses that of known exposures in Ohio. Wave 
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marks are mentioned only from the most southern county— 
Lincoln. This fact should be considered in connection with the 
occurrence of the Oneida conglomerate in Boyle county, another 
very southern county. 

Clinton. a, Crab Orchard Shales —These shales reach a maxi- 
mum thickness of 40 feet in Lincoln county. Intercalated among 
them are a few hard, smooth plates of thin limestone. These 
plates, and sometimes the shales, have a curved structure, and at 
times some of the laminz overlap the thinned-out edges of the 
others. In Garrard county they vary from 16 to 25 feet. In 
Clark county these shales are only seven feet thick. They occur 
in Montgomery county, but their thickness is not mentioned. 
The shales appear in Bath county, but form there the lower part 
of the recognized Clinton Group, and will not be discussed in 
this connection. In Marion county the thickness is 20 feet. In 
Nelson county has diminished to two or three feet. 

The presence of the Crab Orchard shales as a representative 
of the Clinton is of interest chiefly in showing the general thick- 
ening of such detrital deposits southward. 

6, Clinton, Proper —Above the Crab Orchard shales, in Mont- 
gomery county, there are rough-bedded heavy limestones. The 
massive layers overlying the shale are somewhat heavier, and in 
one or two places one of them shows a wave-like structure with 
large ridges. Rarely there is a layer of even-bedded stone. 
The same wave-marked layer occurs in Bath county, three feet 
above the shales, and 18 feet above the base of the Clinton. It 
is from 10 to 14 inches in thickness, marked with ridges from 
four to six inches in height and about 26 inches from crest to 
crest. The ridges are not a regular curve, but are somewhat 
sharpened at the top. This wave-marked layer occurs with the 
same persistence and at the same horizon in Fleming and Lewis 
counties. It is probably the layer discovered by Locke in the 
Clinton near West Union, Ohio, to which reference will be made 
later. 

The odlitic iron ore is quite characteristic of the Clinton 
along the eastern side of the Cincinnati anticlinal axis, and its 
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Kentucky extension. Inthe report on Garrard county the state- 
ment is made that some “shot”’ iron ore comes from some place 
in the Crab Orchard shales, but it was notfound. Red hematite 
iron ore, the odlitic variety, is mentioned from northeastern Clark 
and Montgomery counties. The odlitic iron ore is well charac- 
terized in Bath county and is definitely located there about 
four feet above the wave-marked layer and about 23 feet above 
the base of the Clinton. It varies in thickness from a few inches 
on the Montgomery line to nearly three feet on the eastern side 
of the county. In Fleming county it is sometimes absent, and 
sometimes appears at its proper horizon, but very much dimin- 
ished in thickness. It is seen also in Lewis county, and is well 
shown at various localities in Ohio, where it also occurs only 
along the eastern side of the anticlinal axis. Its occurrence 
usually a short distance above the wave-marked layer may be of 
some significance. The fact that the wave-marked layers and 
the odlitic ore in both Ohio and Kentucky are confined to the 
eastern side of the axis is certainly very suggestive as to the 
conditions under which the Clinton was deposited there. 

Chert is found in the Clinton in Henry county, the horizon 
not stated. In Nelson it occurs towards the top of the Clinton. 
In Marion county it is common. Its best development however 
seems to be in the northeastern counties, in Bath, Fleming, and 
Mason, where it occurs in the heavy limestones toward the base 
of the Clinton. This same horizon it occupies in Ohio. In Bath 
county, the general thickening of these heavy beds eastward is 
noted. 

For the sake of com pleteness, two peculiar occurrences should 
be noted, which deserve fuller study in the field. Near Freder- 
icktown, on the western side of Washington county, several 
inches of conglomerate occupy a position just underneath the 
heavy limestones of the section, presumed to be the Niagara. 
This would place it at the top ofthe Clinton. The conglomerate 
was composed of fragments of iron ore, probably the remains of 
the Clinton iron ore beds, cemented in a sandy shale. This con- 
glomerate probably once extended over the entire country. In 
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Garrard county, above the Crab Orchard shales, occur one or two 
layers of limestone, which contain small rounded grains of clear 
quartz. Both of these occurrences are in southern counties, and 
they are probably good indications of strong wave action, with 
shallow waters, at the close of the Clinton age in this direction. 

Observations of Dr. John Locke.—The locality in the Clinton 
investigated is along Lick Run, three to four miles northeast of 
West Union. This is 12 miles a little east of south of Elkhorn 
creek, and 50 miles east of south from the Todd’s Fork locality. 
Waved layers were found. These are mentioned on page 244 
and on plate 6 of the first report of the Geological Survey of 
Ohio, 1838. According to the section two waved layers, 20 inches 
apart, were found. It seems difficult however to believe the 
occurrence of the flinty layer at the top of the Clinton. The 
region near West Union would probably offer information perti- 
nent to the present subject. 


OBSERVATIONS BY THE WRITER IN OHIO. 


Todd's Fork.—About two and a half miles north of Wilming- 
ton, the pike to Xenia crosses Todd’s Fork. In the immediate 
neighborhood, along the stream, are numerous exposures of the 
Dayton limestone and of the top of the Clinton. Their junction 
can be best studied by following the stream eastward a short 
distance. Towards the top of the Clinton is found the peculiar 
brown purple rock also seen at Wm. Alexander’s near Sharps- 
ville. It contains in places the peculiar branching masses of 
fragmental material resembling the so-called fucoidal markings, 
also seen at Alexander’s. In other courses of this purple rock, 
just beneath the Dayton limestone, was found a new brachiopod, 
a Craniella. The ferruginous red rock, so abundantly exposed 
a mile down the stream, was not seen here. Under the purplish 
layers the rock is brownish in color and contains numerous 
fossils. Going down the stream from the Xenia pike bridge, 
exposures of the Clinton are abundant. Wave marks were not 
seen at all. At several points cross-bedding is very marked, 
especially opposite a house belonging to Isaac Cline, of Wilming- 
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ton, but now inhabited by E. D. Miars. Nearly opposite, but a 
little down stream, a few stray pebbles were found in the Clinton. 
In order to satisfy myself that I was dealing with genuine 
pebbles and not with concretions, accidental layers of peculiar 
character, or rolled stromatoporoids, it was necessary to break 
open most of these. But on the south side of the stream occur 
two pebbles whose character would be acknowledged by any 
geologist, the larger one being 7% inches long, 534 inches broad, 
and 1% inches thick. Since the chief value of these pebbles 
lies in the fact that they are zm sifu, they were indicated by a 
mark pointing towards them, and it is hoped the pebbles will 
not be removed by visiting geologists. Pebbles were very scarce 
in the Clinton, only about six pebbles were found whose character 
was unequivocal. They were evidently derived from the Clinton 
layers immediately beneath. Following the stream southwards, 
nothing of special interest occurs until we reach the well-known 
Todd’s Fork section, described in an earlier paper. It is on the 
north side of the stream, about three hundred feet east of the 
bridge, by which the Quaker Centre pike crosses the fork. Here 
the ferruginous, red-brown, odlitic, fossiliferous Clinton is well 
developed at the top of the section, these characters disappear- 
ing on going downward in the section, so that six feet below the 
top the rock is pinkish in color and has but few fossils. The 
Clinton section is here 18 feet. The lower two-thirds is light 
pink in color, and contains few recognizable fossils, although on 
closer examination the rock is seen to be a mass of crinoidal 
fragments, consisting especially of pieces of the narrow stem of 
some crinoid. Associated with the ferruginous layer is some of 
the purple tinted rock already mentioned. In it was found a 
thin pebble, consisting of the iron-stained limestone found imme- 
diately below. Allof the pebbles found in the Clinton of Todd’s 
Fork resemble the Clinton rock lithologically. In the pinkish 
rock, forming the lower two-thirds of the Clinton, evidences of 
stratification are in places rather common; at a few places a sort 
of cross-bedding was noticed. This can be seen at the Todd’s 
Fork section just mentioned, and also up stream a short distance 
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east from Miar’s house. Under the Clinton, at the section, the 
Medina is found, five feet thick, containing annelid teeth towards 
the top. Beneath this are said to be about eight feet of blue clay, 
some of which can be seen on the north side of the creek, after 
following the stream westward for some distance. 

The small number of the pebbles found should be especially 
noted. 

Farmer's Station —On the Baltimore & Ohio Railroad, four- 
teen miles a little east of south of the Todd’s Fork locality. 
Going south from the station on the Lynchburg pike a little over a 
quarter of a mile, then diagonally eastward by a road coming in 
from the left, crossing a bridge across a small stream, the house 
of Anderson D. Johnson, formerly the home of George Grubb, 
is reached. It is about half a mile from the station. Directly 
west of the house, in the bed of the stream just mentioned, the 
base of the Clinton is found exposed (locality 1). Large 
fragments collected upon the banks show this rock to vary, 
some courses being blue and compact, weathering drab, others 
being naturally more whitish, and fairly fossiliferous. The 
fossils were: Proetus determinatus, head, distinct; Illanus 
ambiguus, pygidium; Lichas breviceps, glabella; Phacops tri- 
sulcatus, heads and pygidia, rather common; Dalmanites Werth- 
neri, a good head; Leptzna rhomboidalis, middle size; Stroph- 
omena (Strophonella) patenta; Orthis elegantula, var. parva; 
Ptilodictya lanceolata, var. Americana; Phznopora simplex, nov. 
spec. the form with simple fronds, slightly curved, otherwise 
having all the appearance of a single branch of Phenopora multi- 
fida. 

Some slabs show round blotches, one-half inch to one inch 
in diameter, now brownish clayey masses; these may once have 
been limestone pebbles which decayed more rapidly than the 
cementing limestone. There was no good evidence of the former 
existence of pebbles in these rocks. The presence of cherty 
slabs showed how far north this element of the more southern 
exposures of the basal Clinton extends. Sometimes fossils 
occur both above and below in immediate contact with the chert, 
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sometimes preserving their original calcareous shell. Farther 
north, on the east side of the creek, a hole dug in the side of 
the hill (locality 2) showed a more massive and more ferrugi- 
nous rock, many crinoid beads, belonging to the Middle and 
Upper Clinton. No good section is exposed. 
Sharpsville—Seventeen and a half miles slightly east of south 
of Wilmington, and about three miles a little north of east of 
Lynchburg; in the northwest corner of Highland county. The 
section starts at the east and west road, about two-thirds of a 
mile north of Sharpsville, near the house of Wm. Alexander. 
Nearly opposite the house, on the south side of the road, is a 
quarry opened up into the Dayton limestone (locality 3). The 
base of the Dayton limestone here contains Favosites favosus, 
both the large and small varieties according to Rominger, a 
branching compound coral, crinoid stems, and a few other fos- 
sils, more or less frequently. Immediately under the Dayton 
limestone is found the deep red ferruginous Clinton. This is best 
exposed in the little streamlet southeast of the quarry. Eastward 
along this stream (locality 4) the top of the ferruginous Clinton 
presents a lithological characteristic difficult to describe, except 
that it is a sort of consolidated marl of peculiar color. This 
marl surface contains a number of fossils characteristic of the 
so-called Beavertown marl, overlying the Clinton south of Day- 
ton and also south of the Soldiers’ Home. These are Raphis- 
toma affine, Cyclora alta, Loxonema subulatum? one of the 
small Tellinomyas, Orthis biforata, Orthis clegantula, Orthoceras 
inceptum, and Calymene vogdesi. Of these fossils the Raphis- 
toma and Orthoceras were also found in the ferruginous Clinton 
at Todd’s Fork. The present locality is the most southeastern 
exposure, containing the Beavertown marl fauna, so far known. 
This ferruginous rock is about two feet thick, and is underlaid 
by a pinkish rock containing many crinoid stems, Platyceras 
(Platystoma) niagarense, the small Soldiers’ Home form, and 
Orthis elegantula, corals, and Rhinopora verrucosa. This pink- 
ish Clinton is well shown in the field east of the house of Daniel 
Sharp, along the more southern parts of the streamlet above 
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mentioned. Above the pinkish Clinton, the ferruginous Clinton 
at times shows dark red sandy phases in which Rhynchonella 
acinus var. convexa is often a common fossil, even the calcareous 
shell being at times preserved. This phase may be seen over 
the pinkish Clinton, southeast of Sharp’s house, between the 
house and the stream. Farther southward is the fairly extensive 
quarry of Daniel Sharp, where the Dayton limestone is well 
shown (locality 5). Passing the quarry and descending the 
stream, the fence separating the land of Daniel Sharp from that 
of A. K. Johnson is reached (locality 6). The fence rested 
upon a whitish limestone block containing limestone pebbles, of 
a character lithologically similar to the rock belonging to the 
Lower Clinton of this section. From this point on, for a con- 
siderable distance down the stream (to locality 7, which is a 
heap of boulder fragments), boulders of Clinton rock containing 
pebbles are of more or less frequent occurrence. Since they are 
not found in the zw sif#w exposures of the Lower Clinton seen 
along Turtle creek, which will be described later, it is evi- 
dent that the boulders belong to the Middle Clinton. At the 
fence above mentioned, the cement of the pebble-bearing rock 
contained Illanus ambiguus, Meristella umbonata and Orthis 
biforata, var. daytonensis. Farther down, the cement contained 
abundant and characteristic Clinton fossils. The pebbles were 
often of fair enough size, at times five or six inches in diameter. 
The pebbles resemble lithologically the more sandy Clinton beds 
just beneath. Continuing southward, the stream enters Turtle 
creek. Following its course downward or westward, a continuous 
line of exposures is found along the northern bank opposite the 
cluster of houses called Sharpsville. The total exposure includes 
a section of 13 feet. Beginning nearer the eastern end of the 
exposures (locality 8) and going downwards, we have at the high- 
est point 16 inches of a sandy stratified limestone ; then 12 inches 
of solid white limestone with fossils ; 13 inches of sandy stratified 
limestone; six inches of whitish solid fossiliferous limestone ; 30 
inches of sandy, well stratified limestone; one inch of chert; two 
inches of sandy limestone ; two to three inches of white chert ; 24 
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inches of unevenly-bedded rock with fossils; one inch thickness 
of a thin, sandy layer, very undulated, like ripple marks where 
waves have crossed from various directions. Their importance 
was not appreciated, when observed, and their direction was not 
carefully observed. Judging from the memory alone the larger 
ripples had a general northeast course and indicated currents 
transverse to this direction. Belowthis layer were found 10 inches 
of a whitish rock, lithologically like the Dayton limestone, and 
like it, with a very uneven surface to the upper side of the layer. 
Tracing this layer westward to the more western part of this line 
of outcrops as far as a place known as John Arment’s quarry 
(locality 9 in the bed of the creek), the cherty layers beneath 
the same are well exposed. First there is a layer of white chert 
four inches thick, then four inches of a brownish rock, then four 
inches of chert again, and finally 24 inches of limestone, 
whitish above becoming bluish below, and quite fossiliferous, 
though hardly more so than some layers farther up in the series. 
In this basal layer of the Clinton the following fossils were 
found: Illanus ambiguus, Orthis biforata, Ptilodictya lanceolata, 
var. americana, Clathropora frondosa, Phenopora magna, Rhino- 
pora verrucosa, and Phylloporina angulata. 

Underneath the Clinton lie four feet of a bluish rock, the 
so-called Medina, which is here quarried. It contains, in addi- 
tion to the so-called branching fucoidal impressions, a species of 
Orthis, on the type of Orthis calligramma, but with about 44 
radiating plications, and annelid teeth. The Orthis does not 
closely resemble the more nearly related Clinton species. It 
will be remembered that annelid teeth also occurred in the so- 
called Medina at the Todd’s Fork locality. 

Under the Medina is a bed of blue clay, but its thickness 
has not yet been determined. The Cincinnati rock can not be 
far beneath. 

Unfortunately it was impossible to determine, with the means 
at hand, the thickness of this section. It is hoped some one 
may undertake this. But it was difficult for the writer to believe 
that the thickness of the entire Clinton even approached 50 feet, 
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the thickness usually assigned to the Clinton in its southeastern 
exposures. 

Rocky Fork.—On the pike leading to Belfast, one and a-half 
miles from Hillsborough. At the bridge, on the south side of 
the stream, the top of the Clinton is shown, underlying the Day- 
ton limestone. East of the bridge, the east bank of the stream 
gives good exposures. Only a hasty observation was made. 
The fossils found, such as Orthis elegantula, were not conclu- 
sive. The strongly ferruginous character of the rock, especially 
an odlitic iron layer thinly interstratified at one place, in connec- 
tion with its position beneath the Dayton limestone, sufficiently 
identified it. The writer failed to trace the Clinton eastward 
along Rocky Fork, but on the contrary found evidence of chert 
beds belonging to horizons quite a distance above Dayton lime- 
stone, at the lowest exposures next seen on going up stream. 
In this chert Encrinurus ornatus, Hall, was well shown in one 
case. An associated rock contained abundant Meristellas, much 
shorter than Meristella cylindrica, as seen in full-sized cabinet 
specimens from Hillsborough. Bisher’s dam is only a short dis- 
tance down stream from the bridge, and no very good reason can 
be seen there why the Clinton should not continue to be exposed 
for some distance down the stream. Unfortunately the writer 
had not the time to search in this direction. 

Belfast—Thirty-four miles southeast of the Todd’s Fork 
locality, and 17 miles southeast of Sharpsville. 

1. The Wiliam Haigh Farm section—Going north along the 
road through Belfast, about half a mile from the center of the 
village, and then taking the first road going westward, a little 
stream, crossing the road, is soon reached. Following this 
stream southward, the Dayton limestone is found exposed in the 
creek bed, within a short ‘distance of the road (locality 10). 
Continuing down stream the following very characteristic section 
is exposed. Beneath the Dayton limestone is the ferruginous 
crinoidai Clinton, containing Leptana rhomboidalis, Phanopora 
multifida, and Rhinopora verrucosa. Within 200 feet of the 
road the ferruginous layer is conglomeritic, the pebbles being 
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of variable diameters, up to three inches. The pebbles now have 
the appearance of consolidated brownish clayey material; one 
of the pebbles contained odlitic grains similar to those of the 
general ferruginous rock in which these pebbles were imbedded. 
Three hundred feet from the road are bluish, sandy, stratified, 
non-fossiliferous layers similar to those near the top of the 
Turtle Creek section near Arment’s quarry. A little further 
down stream the crinoidal rock contained pebbles, and one of 
these was made up of the same purplish ferruginous marl which 
constitutes part of the uppermost ferruginous layer of the 
Clinton in the present section. These pebbles were probably 
obtained from the Upper Clinton, not far distant. Farther down 
stream the rock contained Platyceras (Platystoma) niagarense, 
the little Soldiers’ Home form, and Orthis elegantula. Six hun- 
dred feet from the road Illanus daytonensis, Orthis biforata, 
and Orthis elegantula were found in a whitish limestone; a single 
blue limestone pebble was seen. About 650 feet from the road 
good cross-bedding was noticed in the sandy stratified Clinton 
on the east side of the creek. In one layer the stratification 
lines dip 25 degrees southward; immediately overlying this 
layer is one with perfectly horizontal stratification. Farther 
down stream the rock becomes more massive, with few fossils, 
but opposite the barn it contains Clathropora frondosa, and a few 
stray bluish pebbles, two to four inches in diameter, lithologically 
similar to the Clinton rock immediately above and below. Ina 
layer full of crinoid beads, together with Orthis calligramma, var. 
eu-orthis, Strophomena patenta, and Phaznopora expansa, was 
found a stray small blue pebble one inch in diameter. Just 
below, opposite Wm. Haigh’s house (locality 11), were found 
Illaenus ambiguus, Leptana rhomboidalis, Strophomena tenuis, 
Orthis biforata, var. daytonensis, the larger form of those with 
three plications on the median fold. Below the house in the 
creek bed were slabs containing very small pebbles, up to one 
inch in diameter; Cyclonema bilix was seen here. Below this 
rock comes the very siliceous but not cherty rock which here 
constitutes the base of the Clinton. On the opposite side of the 
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creek a somewhat higher exposure shows four inches of chert over- 
lying 24 inches of the sandy stratified Clinton. The structure of 
these elements of the basal Clinton can be better understood by 
a reference to the Smart section, next given. Underneath the 
Clinton on the west side of the creek are four feet of a massive 
greenish rock, constituting the so-called Medina of northern sec- 
tions, and also containing the same annelid teeth, although in 
order to find these readily it is necessary to go southeastward to 
the southwestern angle of the hill caused by the cutting action 
of this small stream and the fork of Brush creek, a short dis- 
tance to the southward, into which the stream flows (locality 
12). Beneath the Medina are 22 inches of a bluish clayey 
material, which, however, has become somewhat indurated, and 
presents a shaly structure instead of the usual homogeneous 
clayey consistency. Quite a number of springs make their 
appearance between the Medina and this blue clay layer. Under- 
neath is the horizon of the Cincinnati group. 

Il. The J. V. D. Smart sections, including part of the former 
Charles Dalyrymple farm. Going from the center of Belfast 
south to the bridge, westward to the exposure of the basal Clin- 
ton, bending towards the southwest about a quarter of a mile, 
and then taking a road ata right angle to the latter, that is 
going northwestward, two sets of exposures are found before the 
abrupt turn of the road to the westward is reached, one of these, 
about half way along the northwest stretch of road, the other 
near its northern end. The first of these exposures (locality 13) 
is along a small streamlet, running only in wet weather; it is 
only a short distance east of the road. The uppermost layers are 
cross-bedded, and overlie a conglomeritic layer 12 inches thick, 
with many flat pebbles, some of which were four to six inches in 
diameter, and did not show signs of fossils. Farther north- 
ward at the second locality (locality 14) the conglomerate is 
exposed in the road bed. Here one of the pebbles, of whitish 
sandy limestone, stained brownish by iron compounds where 
weathered, contained a young Rhynchonella, which is probably 
Rh. scobina, and about half a dozen valves of Rhynchonella 
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acinus var. convexa, the large Clinton form found also in the 
upper or ferruginous Clinton in the Sharpsville section. This 
showed that the pebbles were of Clinton and not of Cincinnati 
age, as hitherto stated. The lithological character of the various 
pebbles was similar to the various Clinton layers known in this 
vicinity, but not to any known Cincinnati rock. Eastward from 
this road bed exposure the conglomerate is well exposed along 
a more northerly situated streamlet, running, as did the last, only 
in wet weather (locality 15). There is evidently an upper hori- 
zon of the Clinton, scarcely more than 15 inches thick, which is 
full of pebbles. Many of these are eight to ten inches in diameter. 
The pebbles are always very flat, and rarely contain fossils. 
They evidently are chiefly derived from the stratified, more 
sandy looking Clinton layers, which characterize the lower half 
of the Clinton, but which are also found very far up in the series. 
At the present locality, this sandy stratified rock forms a layer 
immediately above the conglomerate layer, and is abundantly 
shown in the remainder of the section on following the stream 
eastward. Both of the streams mentioned flow eastward, and 
join before emptying into the main fork of Brush creek. The 
base of the Clinton, with its underlying Medina, is well shown a 
little east of this junction, on the north side of the stream 
(locality 16). The top layer showed one of the annelid teeth 
characteristic of this horizon. Following the hill-side along the 
western side of the open valley, the fine road-side exposure of 
the base of the Clinton, to which reference has already been 
made, is seen (locality 17). It is on the land of J. V. D. Smart, 
on the north side of the road leading from Belfast to Fairfax, 
and not far west of the bridge over the fork of Brush creek 
southwest of Belfast. At the top, 12 inches of the sandy look- 
ing limestone were shown. Underneath were four inches of chert ; 
this was the chert layer seen on the eastern side of the creek in 
the Wm. Haigh section. Below were 26 inches of massive lime- 
stone with cherty nodules and also with cherty bands along the 
vertical crevices of the rock, showing the secondary nature of 
this chert. Then, 20 inches of shelly limestone, meaning by this 
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a limestone that weathers into fragments one inch or slightly 

more in thickness, and four to six inches in length, tapering out 
more or less towards the edges, so as to totally destroy its value 
asa building stone. This limestone also contained siliceous and 
cherty nodules, and was in itself quite siliceous. Below this 
were 24 inches of poor shaly limestone, under which the so-called 
Medina made its appearance. Following the steep hill-sides 
along the southern side of this fork of Brush creek, eastward 
from this exposure, the basal portions of the Clinton and the 
underlying Medina are well shown as far east as the next bridge, 
where the pike from Belfast to Loudon and Locust Grove crosses 
the fork. 

Ill. Bridge exposure.—Along the pike leading from Belfast 
to Locust Grove, the locality mentioned just above (locality 18). 
Here the so-called Medina is well exposed; it is quarried, and 
is considered an excellent building stone. It will be remem- 
bered that it was quarried also at Arment’s quarry in the bed of 
Turtle creek, in the Sharpsville section. The top layers of the 
Medina here contained a considerable number of annelid teeth, 
and also a single but good specimen of Halysites catenulatus. 

Returning to Belfast from this bridge, the Clinton lime- 
stone is exposed on the side of the road, on the north side of 
the main valley formed by the fork (locality 19). The section 
on the Smart farm could be readily measured with proper instru- 
ments. The conglomerate layer is evidently nearly at the sum- 
mit of the Clinton. Estimates made by eye alone would hardly 
give the Clinton here a greater thickness than 35 feet. 

Elk Run.—Going north from Belfast, take the first road 
going east; two miles from Belfast the road crosses Elk Run, 
across an iron bridge. In the bed of the creek the top of the 
Clinton is shown (locality 20). At the top are 20 inches 
of ferruginous Clinton, showing cross-bedding, and a few peb- 
bles. Near the middle they contain also a thin layer of blue clay. 
If the memory is not at fault similar thin blue-clay layers are 
seen near the top of the Clinton in the Wm. Haigh section. The 


fact was not recorded at the time of observation. The fossils 
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found in this ferruginous rock (which included both sandy and 
oélitic layers) were Platyceras (Platystoma) Niagarense, the 
small Soldiers’ Home form, Leptana rhomboidalis, Orthis ele- 
gantula, and good specimens of Aspidopora parmula. By far 
the most interesting feature of the locality however was the 
presence of great wave marks, wonderfully distinct and well 
exposed for a distance of a hundred feet down the creek. The 
line of strike of these wave marks was magnetically about north 
65° east. The crests of the wave marks were about two inches 
above their greatest depressions, and the distance from one 
crest to the next was on the average about 28 inches. They 
sloped northwards a little more steeply than southwards. This 
wave-marked layer is only from one to two inches in thickness, 
and immediately overlies a great mass of pebbles, imbedded in 
the Clinton just beneath. These pebbles sometimes project 
strongly into the sandy layer above, which shows the wave 
marks. The pebbles are on the average larger than at any place 
where pebbles have so far been seen in the Clinton. Plenty 
of them are 12 inches in diameter, and many of them range 
between four and eight inches. As usual, the pebbles are only an 
inch to an inch and a half in-thickness. Lithologically they 
are similar to the sandy stratified layers of the Clinton limestone, 
found characteristically in the lower half of the Clinton in this 
part of the state, and occurring also at higher levels. If there 
had been any doubt hitherto about the Clinton age of these peb- 
bles, it was dispelled by the fossils found in some of the pebbles 
at this locality. The pebbles here were again almost invariably 
untossiliferous, but there were so many pebbles in the rock, and 
the conglomerate layer was so well exposed, that it was possible 
to break out enough pebbles in a short time to make a satisfac- 
tory examination. Three of the pebbles contained fossils. The 
forms found were Illanus daytonensis, fragment of a glabella, a 
rostrum probably belonging here, and a very good pygidium ; 
Cyphaspis clintonensis, the middle parts of two heads in a very 
good condition; half a dozen specimens of a small form of Orthis 
elegantula, and a young Rhynchonella, probably Rh. scobina. 
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The first two species named clearly identify the rock from 
which these pebbles were derived as Clinton, a fact already 
manifest from a consideration of the lithological features of the 
pebbles, to those thoroughly acquainted with the Clinton. 


Ellenville section Ellenville lies about four and a half miles 
east of Belfast, farther on along the same road which leads to 
the Elk Run section. In loose boulders of the Clinton good 
specimens of Strophomena patenta, Aspidopora parmula and 
other characteristic Clinton fossils were seen. The section 
here described begins about half a mile south of Ellenville, 
along the east side of the pike, where the Dayton limestone of 
excellent quality with courses 12 inches and more in thickness is 
exposed at several localities, usually east of the culverts where 
streamlets cross the pike (localities 21 and 22). Underneath 
the Dayton limestone is found the deep red sandy Clinton, and 
below this the ferruginous and at times odlitic Clinton, but no 
pebbles were seen. About a mile south of Ellenville after cross- 
ing a somewhat larger culvert, and where the pike ascends a 
somewhat steep hill, the Dayton limestone is exposed in the 
woods (locality 23) at some distance east of the pike and at a 
fair elevation. Tracing it eastward, it seems to rise in altitude. 
Along the pike (locality 24) the Clinton is well exposed. It is 
often well cross-bedded and in different directions. Ascending 
the hill, quite a thickness is well shown. Reaching the top of the 
hill, a little streamlet, descending rapidly to the middle fork of 
Brush creek, again well displays the Middle and Upper Clinton 
(locality 25). It is deeply red in color, of a sandy type, and 
frequently cross-bedded, but does not show, where examined, any 
pebbles. At the creek, a short distance below the point of entrance 
of the little streamlet just mentioned, the base of the Clinton is well 
exposed (locality 26). About eight feet of the Clinton are seen, 
containing cherty concretions in nodules and along vertical cracks, 
and showing the so-called shelly layers mentioned in connection 
with the Smart section near Belfast, and also some very siliceous but 
not exactly cherty layers. Meristella umbonata was found here. 
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Peebles Station—About 10 miles southeast of Belfast, and 44 
miles southeast of the Todd’s Fork locality. 

Following the Cincinnati, Portsmouth & Virginia railroad west- 
ward from Peebles, a high trestle is crossed, west of which the 
Niagara shales are well exposed. Still farther westward, about 
two miles from Peebles station, there is a small house on the 
south side of the railroad (locality 30). It is on the land of 
Tom Gardner. The farm line runs a short distance east of the 
house, and east of the line is the farm of James Philips. Along 
the railroad, 300 feet west of the house, the Dayton lime- 
stone is well exposed (locality 31). In the middle courses of 
this Pentamerus oblongus is found. In the report of the Ohio 
Geological Survey for 1870, page 280, the following statement 
is found: “Col. James Greer, of Dayton; has in his cabinet a 
specimen obtained from the Dayton stone, the lowest member of 
the Niagara series, which is probably Pentamerus oblongus, in 
somewhat abnormal form.’’ The present is as far as known the 
first instance in which the occurrence of the Pentamerus in the 
Dayton limestone is authenticated by its reference to a locality 
where the rock is evidently z situ. So far no lower horizon for 
this fossil in Ohio is known. It is additionally interesting for 
presenting the original shell, although the shell usually splits 
away and leaves the cast, when an attempt is made to work it 
out. The Dayton limestone is also exposed some distance east 
of here, on the Philips farm (locality 28), in the bed of the creek 
which follows the railroad on its southern side. Here slabs 
sometimes contain Pentamerus in abundance. The Clinton is 
well exposed beneath. The upper portions are ferruginous, 
either sandy and stratified, or at times odlitic. At one point it 
seemed possible to trace a sort of wave-marking running north 
40° west. In the light of later discoveries in the Cincinnati, 
these traces may have some value, though in themselves unsatis- 
factory. In the sandy layers the stratification is sometimes well 
marked. The Clinton is made up of very different courses, 
some of them sandy and red, others odlitic, crinoidal and deep 
red, and still others of very pure limestone and white. A course 
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of the last kind is seen a short distance east of the farm line 
mentioned (locality 29), and is very rich in fossils. Down the 
stream, across the line, behind the house (locality 30), the Clin- 
ton bowlders show the nearest approach to pebbles seen in this 
section. Strongly rounded specimens of Favosites, Heliolites, 
and Cyathophyllum are quite common here and are also found 
farther up stream. Behind the house some specimens do not 
show structure but may possibly have been strongly rounded 
stromatoporoid sponges. It would require microscopic sections 
to determine the matter. Farther down stream the reddish color 
disappears, and where the creek passes under a bridge to the 
north side of the railroad the west embankment of the bridge 
(locality 32) exposes 8 feet of the basal part of the Clinton. 
It has a very irregular structure, similar to that called shelly 
above, is very siliceous, and contains nodules of chert. The 
piers of the bridge on this side were constructed by going down 
into the bottom of the creek bed, and there Cincinnati rock was 
struck, showing well-known Cincinnati fossils in abundance. At 
the top, the thin Cincinnati limestone fragments show a thin 
coating of a shaly material, in which annelid teeth are found. The 
total section of the Clinton is therefore shown along this stream. 
It hardly exceeds 30 feet, as determined by estimates made 
without the assistance of instruments. The top layer of the 
Cincinnati group shows abundant encrinital remains, and numer- 
ous specimens of a small Tentaculites. Leptana sericea is com- 
mon. The following species were observed in the Clinton, 
chiefly in its upper courses, though the middle courses are in 
places rich in fossils; but the latter were not examined: Il]lanus 
ambiguus, pygidium in the Lower Clinton; Calymene vogdesi, 
both of large and medium size ; Cyclonema bilix, Leptzena rhom- 
boidalis, Strophomena patenta, Orthis calligramma var. eu-orthis, 
Orthis biforata var. reversata and var. daytonensis, the latter 
with only three plications on the median fold; Orthis elegantula, 
Rhynchonella scobina, Clathropora frondosa, Phznopora, a long 
simple frond 10 mm. broad at the top, species unknown, Aspi- 
dopora parmula, very common in the richly fossiliferous layer 
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east of the farm line, Heliolites sub-tubulatus, and Halysites 
catenulatus. 


REMARKS ON SOME FORMATIONS ABOVE THE CLINTON. 


Observations by the Kentucky Survey.—The Niagara shale 
seems to become thinner southward and westward in Kentucky, 
as far as can be determined from the statements that it is 100 
feet thick in Lewis, Fleming, and Bath counties, 35 feet in 
Marion and Nelson, and 15 feet in Oldham, being sometimes 
entirely absent in the last county. It varies greatly in thickness. 
It is not mentioned from the most southern counties, but this 
may be partly owing to the difficulty in discriminating between 
the Niagara and the Crab Orchard shales in that region. 

The heavy beds of the Niagara are seen in Pickaway county, 
Ohio, and extended thence as far as Highland county of that 
state. In Kentucky, judging from residuary fragments left on 
the bedded rocks, the eastern line of outcrop once extended 
from Bracken county to Nelson and part of Washington 
counties. Continuing in the same southwesterly direction it 
passed into western Tennessee. West of the line thus located, 
the heavy beds seem to have covered all the areas within the 
present regions of suitable outcrops in the states of Ohio, 
Indiana, Kentucky, and Tennessee. The beds therefore do not 
occur between Adams county, Ohio, and Washington county, 
Kentucky, the eastern and southern range of counties. 

The Oriskany, on the contrary, occurs only in these counties, 
from which the heavy Niagara beds are absent, that is in the 
counties from Lincoln to Bath. It usually is a single layer 12 to 
18 inches thick, but in Bath is three feet thick. It usually contains 
fish remains, which are often much rolled and rounded. 

The Corniferous occurs west of a line which lies so much 
farther east than the line of outcrop described for the heavy 
beds of the Niagara, that it practically occurs at all suitable 
exposures in Ohio, Indiana, and Kentucky, and is absent only in 
the extreme east, in Adams and Lewis counties, the Ohio river 
counties of Ohio and Kentucky. 
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The d/ack slate covered all regions of Kentucky where proper 
horizons are exposed at present. 

Mention has already been made of the iron pebbles just 
beneath the heavy beds of the Niagara in western Washington 
county, and of the rounded grains of quartz above the Crab 
Orchard shale in Garrard county. In the geology of Lincoln 
county the statement is made that in nearly all the layers of the 
Upper Silurian and Devonian, and even in the base of the black 
slate, there are small transparent grains of quartz. These are 
nearly microscopic but they are well rounded. In the black 
slate they are mentioned from Nelson, Lincoln, Garrard and Clark 
counties. Wave marks occur in the black slate in Lincoln 
county and also in Clark county, near the base. 

Unconformities—In southern Clinton county and adjacent 
Tennessee the black slate rests directly upon the Hudson River 
rocks. In the northern parts of the county, and in Cumberland 
county, it rests upon the Cumberland sandstone. In Lincoln 
county both the Corniferous and the Oriskany appear below the 
black slate, but the Oriskany rests sometimes upon the Crab 
Orchard shale and sometimes on the Medina; at one point a 
little Niagara limestone seems to come in above the Crab 
Orchard shale. In Marion county the Corniferous rests directly 
upon the Crab Orchard shales. In Garrard county the Cornif- 
erous frequently rests directly upon the Crab Orchard Shale, but 
sometimes the limestone layer with rounded quartz grains, already 
mentioned, possibly Oriskany, intervenes. In Clark county the 
Oriskany is well recognized, and rests on the Niagara shale. All 
this is in keeping with the other facts already mentioned, in accord- 
ance with which the sandy, detrital elements increase in the Lower 
Silurian, in the Cumberland sandstone, in the Medina, the Crab 
Orchard shales, and various later rocks, on going southward. 

As already stated, the heavy beds of the Niagara are absent 
in the southern and eastern counties of Kentucky. Going north- 
eastward the Oriskany disappears near the middle of Bath, and 
the Corniferous in Fleming county. They do not appear again 
until Highland county, Ohio, is reached. 
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Observations made by the Ohio Survey and the writer. Spring- 
field limestone. —Peebles station, about 10 miles southeast of Belfast, 
and 44 miles southeast of the Todd’s Fork locality, on the 
Cincinnati, Portsmouth & Virginia railroad. Along the railroad 
about a quarter of a mile west of Peebles, where the railroad 
crosses a creek (locality 27), there are very good wave marks in 
the rock on the north side of the railroad, in a sort of quarry. 
The rock is of a bluish tint, and is some distance above the 
Niagara shales. It is presumably of the Springfield horizon. 
The crests of the waves run here north 3° east; they are about 
3% inches above the troughs of the waves, and are about 42 
inches apart, showing therefore approximately the same char- 
acteristics as the waves of Clinton age in Elk Run. They 
descend more rapidly eastward than westward. The wave marks 
are seen at several levels through a thickness of 2% feet of 
rock. Under the wave-marked courses is one marked by 
crossing ripples, on an equally large scale, such marks as can be 
seen on the seashore where the ripples from various directions 
cross each other and break up the regular wave markings. Just 
below, little pebbles, a quarter of an inch to one inch in diameter, 
occur at the base of the wave-marked beds. Their color now is 
gray, the surrounding material being blue. Otherwise they 
could hardly have been recognized. They are therefore not 
satisfactory pebbles. Where the railroad crosses the creek, 50 
feet towards the southeast, the wave marks are shown over a 
larger area. The crests here run north 5° west. 

Waterlime.—Ripple marks and suncracks are found in the 
Waterlime or Helderberg in Champaign county, and are used at 
Urbana for sidewalks. Suncracks occur in Bayette county near 
Washington, and also near the southeastern part of the county. 
At Rockville some of the courses are covered with suncracks 
and ripple marks. Indications of shallow waters occur also in 
Highland, Pike and Adams counties, according to Professor Orton 
(page 292, Report for 1870, Ohio). 

Corniferous.—In Marion and Delaware counties, at the junc- 
tion of the Waterlime and the Corniferous, the latter is largely 
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composed, locally, of rolled pebbles of the Waterlime. Many 
floated fragments of land plants, including branches of Lepido- 
dendra, have been found in the Corniferous at Delaware and 
Sandusky, showing the proximity of land. 

Hillsboro Sandstone of Highland county.—Professor Orton, in 
the 1870 report, page 283, wrote: “The only remaining division 
of this extensive series (Niagara) of rocks is the Hillsboro sand- 
stone, the sixth member of the Niagara group in Highland 
county. . . . It is a unique and original contribution of High- 
land county to the general geological scale. Limestones and 
calcareous shales constitute the only kind of rocks that have 
been referred to this period hitherto, in the Mississippi Valley ; 
but at Hillsboro and on the eastern border of the county generally, a 
siliceous sandstone of a good degree of purity is found termin- 
ating the series. . . . . The thickness of this sandstone at 
Lilley’s Hill (at Hillsboro) is 30 feet, and no greater thickness 
is shown elsewhere. The sand that makes up the rock is fine- 
grained and but slightly cemented.” 

GENERAL CONCLUSIONS. 

A brief résumé of the more important facts regarding the geograph- 
ical distribution of wave marks and pebbles—t\n the Trenton of 
Kentucky the wave marks and pebbles are mentioned only from 
the southeastern counties of the Blue Grass region, Garrard, 
Clark and Montgomery. The pebbles occur near the top. 

In the Utica or “ Lower Hudson,” rounded limestone pebbles 
occur in the lowest bed in Washington county, and apparently 
also in Mercer, Boyle, Clark and Montgomery counties. These 
are again the southern counties, and lie in about the same set as 
those mentioned as containing pebbles in the Trenton. The 
occurrence of pebbles at West Covington, opposite Cincinnati, 
and the widespread distribution of wave marks wherever the 


upper strata of the Lower Hudson are exposed (the list of coun- 
ties completely encircling the Blue Grass region of Kentucky) 


point to a more widespread exposure to wave action. 
In the Middle Hudson wave marks are mentioned from near 
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the base in Washington county; also from Nelson county, both 
southwestern counties of the Blue Grass region. Their occur- 
rence in Nelson county seems to be extremely doubtful. At the 
top of the Middle Hudson, and the base of the Upper Hudson, 
are arenaceous elements which increase in thickness and coarse- 
ness going southwards. 

In the Upper Hudson wave marks appear in Oldham, Lincoln, 
Clark, Montgomery and Fleming counties of Kentucky and in 
Adams county in Ohio. Pebbles occur in Clark and Montgom- 
ery counties in Kentucky, and in Adams county in Ohio. With 
the exception of Oldham, these are the eastern counties in Ken- 
tucky and the southeastern ones of Ohio, in the Lower Silurian 
region. 

At the top of the Lower Silurian comes in the Cumberland 
sandstone, which has its most marked development in the south- 
ern counties of Kentucky. 

The Oneida conglomerate is barely represented in Boyle, one 
of the southern counties of Kentucky. 

In the Medina, wave marks have been noticed only in one 
county, Lincoln, the most southern county of this region, and 
just southeast of Boyle. The Medina seems to increase in thick- 
ness southeastward in the eastern range of counties. 

In the Clinton, wave marks occur in Montgomery, Bath, 
Fleming and Lewis counties, Kentucky, and in Adams and High- 
land counties in Ohio. These are the most eastern of the Clin- 
ton group counties. [It is approximately the same area over 
which, later, the Corniferous failed to extend. On approaching 
this area, the Oriskany of Kentucky thins out; it is a part of the 
eastern set of counties over which the massive limestones of the 
Niagara fail to appear.| The odlitic iron ore has a somewhat 
great extension, being apparently present in Garrard, and cer- 
tainly in all the counties from Clark in Kentucky to Clinton 
county in Ohio. The Crab Orchard shales, which represent the 
Clinton in the southern counties, thicken going southward. 
Farther north they form only the lower part of the Clinton, and 
merge into the lower sandy limestone of this group. This 
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lower more sandy Clinton also thickens eastward. Pebbles were 
found in the Clinton only in Ohio, in Clinton and Highland 
counties, being more frequent in the latter. 

Location of shallow waters as evidenced by pebbles and to a 
certain extent by wave marks.—In the late Trenton and early Utica 
or ‘Lower Hudson,” shallow waters, as evidenced by pebbles 
and wave marks, occurred over the southern Blue Grass counties 
of Kentucky. In the late Utica, shallow water areas extended 
over the entire Blue Grass region of Kentucky as far as the Ohio 
side of this area near Cincinnati. In the early Middle Hudson 
shallow waters are again confined apparently to the southern 
counties, while towards the middle and close of the Upper Hud- 
son, with the exception of Oldham county, the shallow water 
areas extended all along the eastern counties from the most south- 
ern one, Lincoln, as far as the most northern one, Adams, in 
Ohio. This location of shallow water areas in the eastern counties, 
instead of over the entire Blue Grass region during Upper Hudson 
times, will, if substantiated by future investigations, be very sug- 
gestive as to geographical changes during pre-Clinton times. 

In the Oneida and Medina shallow waters again occurred in 
southern counties. But in the Clinton it is again the eastern 
counties, all the way from Clark in Kentucky to Adams in Ohio, 
which give the evidences of shallow waters. 

In the rocks here discussed two kinds of materials occur— 
fossils or their comminuted remains, derived from the animal 
life of the Palaozoic seas of these regions, and detrital materials 
of a foreign nature, derived more or less directly from some land 
area. The detrital beds usually increase in thickness going 
southwards, and not infrequently also, though apparently to a 
less marked degree, on going eastward. The explanation for this 
may be that land lay in these two directions, but an equally sug- 
gestive way of stating what perhaps amounts to the same thing, 
is that these detrital remains may have been carried northward 


and westward by some ocean current which found its way north- 
ward along the eastern border of some Palzozoic continental 


area, 
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Conclusions to be drawn from wave marks and pebbles —No one 
who is familiar with wave marks as made along long surf-beaten 
beaches of the ocean, can doubt for a moment the origin of the 
wave marks. Their unusual size will, however, attract attention 
even from one familiar with the work of the sea. Yet it must 
be remembered that we are familiar only with the wave marks 
left by the edge of the sea, where the force of the waters has 
been almost spent. It is readily conceivable that farther from 
the shore different results, at least as regards magnitude of wave 
marks, might be expected. It has always been a hope of the 
writer to, some time, be able to photograph the bottom of the 
sea after some great storm, along some exposed coast, with good 
sand bottom. This could readily be done by a camera prop- 
erly constructed, using electric light as a means of illumination. 

The magnitude of the wave marks here referred to would 
indicate free exposure to the sea, but would not determine much 
as to its depth. The writer does not know of large wave marks 
at great depths. On the contrary the largest he ever saw were 
at the mouth of Hampton river, in Massachusetts, considerably 
above low water mark. These fully equaled the wave marks of 
the Ohio rocks. 

As regards the pebbles, all the evidence in the case of those 
found in the upper Utica, in the ‘Upper Hudson” and in the 
Clinton is to the effect that they were derived from practically 
the same beds as those in which they are now found imbedded. 
To be more precise, their lithological character and the contained 
fossils are always those of rocks belonging to the same bed in 
which they are now found or at best only a few feet farther 
down, but not sufficiently beneath to suggest their origin from 
a separate paleontological horizon, even on the basis of the 
most careful classification. Evidently the waters were shallow 
enough to permit erosion. This may have occurred without 
actual elevation of the rock above sea level, but it is more 
natural to suppose that such elevation above sea level did take 
place, that the land area was but slightly elevated and was 
soon again submerged, leaving the irregularly eroded surface a 
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play to the waves. If the association of wave marks with these 
pebble areas be remembered, it will be readily understood that 
the forces capable of leaving these marks could lift up the 
loosened slabs of Cincinnati group and Clinton rocks, round 
them more or less, according to their constitution, size, and 
length of time of exposure, and redeposit them as pebbles over 
some other area not far distant, where the same layer might have 
been less exposed or but little affected—in other words, a little 
farther seaward. 

While, therefore, it is probable that shallow waters extended 
at various times over more or less of the Blue Grass region in 
Kentucky and Ohio, it is at no time probable that land of any 
great elevation was to be found here in Lower and Middle Silu- 
rian times. The land areas which did exist over these regions 
were always soon covered again by the sea, as far as we can 
judge from available information. 

That land areas may have existed immediately east and south 
of the Blue Grass counties seems not improbable, but is not certain. 
The few facts known are not averse to an east and west axis of 
elevation south of these counties, and another one, running north 
and south, along the eastern border of the same. The latter 
axis seems to have been in process of elevation towards the close 
of the Lower Silurian and again during Clinton times. That this 
elevation was more marked on both sides of the Ohio river dur- 
ing Clinton times seems to be indicated by the pebbles found in 
Adams county, and that it increased here in importance by the 
fact that later the Corniferous rocks failed to appear here; 
and that still later the Oriskany thinned out on approaching this 
area. 

The failure so far to discover pebbles derived from horizons 
decidedly below those in which they now occur imbedded, indi- 
cates that either the elevation of the land area above sea level 
was slight, or that it was of such short duration that erosion did 
not find sufficient time to produce deep river valleys or marked 
shore escarpments. In the case of a low dome-like elevation, 
the raised parts exposed to erosion would furnish the pebbles, 
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and these would be carried by streams or waves to less elevated 
regions, where they would be deposited over beds which either 
had not experienced erosion at all or had suffered but slightly. 
The pebbles would therefore be found overlying the lateral exten- 
sion of the beds from which they had been derived. 

It is still too early to say that marked shore escarpments did 
not exist. It is sufficient for the present to state that they have 
so far not been discovered, and that the failure of pebbles from 
decidedly lower horizons to appear, is decidedly against their 
former existence. It might be worth while to consider under 
what conditions such escarpments would be formed, and when 
they would be preserved. It is evident that during the gradual 
emergence of land above sea level any small escarpment formed 
by the sea would, on continued elevation, be exposed to aerial 
denudation which might accentuate it, but would be more likely 
to do the opposite. On the depression of the land area below 
the sea level, the same land surfaces would once more become a 
prey to the action of the waves. In either case, whether of 
emergence or depression, escarpments of any size would be 
formed only during periods when elevation or depression were 
atastandstill. The height of these escarpments would be deter- 
mined by the slope of the land surface and the sea bottom lead- 
ing up to the same, and by the length of time during which the 
land would admit of attack at practically the same levels. The 
best escarpments would not be formed during the rise of a land 
area, when the waters nearer the line of attack upon any shore 
would gradually grow shallower, but during the depression of 
the same, when any advantage gained by cutting through several 
layers of some bedded series of rocks was hardly likely to be 
lost, as the gradual increase in depth at this point permitted 
the more violent impact of the waves. Any fairly rapid period 
of depression would then preserve such an escarpment in good 
form for the future geologist. 

The failure to find evidence of an escarpment may be proof 
merely that there were no long periods of rest either during the 


elevation or depression of the land area. 
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If the elevation of land had been at all considerable, river 
valleys should sooner or later have been formed of sufficient 
depth to insure their preservation under the accumulating débris 
as the land gradually sank under the sea. The upper banks of 
these rivers would in this process form shores of the sea or inlets, 
with however a possibility of being less subjected to the brunt of 
the waves, and hence a better chance for preservation than more 
exposed shores. 

Nothing of the kind has so far been found in the area here 
studied. Conglomerates have been found, but the age of the 
pebbles forming the same is rather in favor of but low elevation, 
so low that even in the Clinton, with its small thickness of thirty- 
five feet, and its pebbles at times only fifteen to twenty feet above 
the bottom, no pebbles of Lower Silurian origin have been found. 
The pebbles, on the contrary, are now found only a very short 
distance above the horizons to which they originally belonged. 
This certainly suggests but a low elevation of these Silurian land 
areas, at least where so far examined. 

The point of greatest interest in all these facts lies, therefore, 
in the evidence of conglomerates over a considerable area, in 
conjunction with equally clear evidence of their production with- 
out the assistance of any marked elevation. 


F. ForerRsre. 
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GLACIERS OF THE INGLEFIELD GULF REGION. 


General features of the district—As my chief studies on the 
glaciers of Greenland lay within the environs of Inglefield Gulf 
it will be helpful to take a brief survey of the region before 
entering upon a special description of its glacial phenomena. It 
is worthy of note at the outset that it is the westernmost 
portion of Greenland that is indented by Inglefield Gulf. Prud- 
hoe Land; which constitutes the extreme western projection, lies 
immediately on the north, while next on the south lies the 
unnamed peninsula which ends in Cape Parry and constitutes 
the next most westerly portion. The position of the gulf is 
therefore one of meteorological exposure, if westerly projection 
constitutes such exposure. 

It is equally worthy of note that the district lies on the 
border of one of the widest parts of Greenland, if not altogether 
the widest part. With the present incomplete knowledge of the 
east coast, an unqualified statement is inadmissible. According 
to some of our maps of the better order, the tract between 77° 
and 78° north latitude, which embraces Inglefield Gulf, is wider 
than any similar portion north or south. According to other 
maps the breadth near 70° north latitude fully equals, or slightly 
exceeds it. In the former region the tract stretches over more 
than 50° of longitude. The convergence of the meridians in this 
high latitude, however, makes this an illusive statement, unless 
the fact of their close approach be borne in mind, but it serves 
to emphasize the width of the area in whose glaciation we are 
interested. In round figures and more familiar measures, the 
breadth may be put down at about 700 miles. 

If we turn from the width of the land to the more pertinent 
matter of the width of the ice sheet, we find all maps agreeing 
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that here the ice finds its greatest expanse. The glacial phe- 
nomena we are to consider relate, therefore, to the widest part 
of the widest mer de glace of the northern hemisphere. 

Inglefield Gulf indents this broad tract to a depth of about 
100 miles, or one-seventh of its width. The trend of the gulf 
is a little north of east. It has a breadth of from eight to twelve 
miles. There are two notable branches on the north side, 
McCormick Bay and Bowdoin Bay, both of which have become 
memorable from their association with Lieutenant Peary’s work, 
the former having been his headquarters during his first explora- 
tion, and the latter, during his second. On the south side there 
are likewise two arms, Olriks Bay and Academy Bay. 

General geology —Two great series of rocks are represented 
in the district, the one an ancient complex crystalline terrane, 
probably Archean, the other, a clastic series of unknown age. 
The crystalline series is chiefly composed of gneisses in which a 
strong hornblendic tendency is manifest, some parts, indeed, 
being largely hornblende. There are also embraced in it some 
belts of quartzite which bear a general resemblance to the quart- 
zites of the Algonkian series of the upper Mississippi and Lake 
Superior regions. 

The clastic series embraces three distinguishable members. 
The lowest is a red sandstone which attains a thickness of per- 
haps 1000 to 1500 feet. Its beds possess moderate massiveness, 
lie at low inclinations, and rest unconformably upon the crystal- 
line series. The discordance is very great and indicates that the 
crystalline terrane had assumed essentially its present attitude, 
had undergone very great erosion, and had approached the 
existing topographic expression before the sandstone series was 
laid down upon it. If the sandstone were removed, the relief of 
the topography would apparently not be less than it is now, and 
not very different from it in general aspect. 

Lying conformably upon the red sandstone is a somewhat 
thicker series of pinkish gray sandstone. This has a quartzose 
constitution much the same as that below, but somewhat exceed- 
ing it inhardness. While well indurated, it is unmetamorphosed. 
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Under glacial action it manifests its endurance very markedly, 
and constitutes, in favorable situations, a very notable constitu- 
ent of the drift. Its thickness is roughly estimated at 1500 to 
2000 feet. 

Reposing conformably upon the pinkish gray sandstone lies 
a deep series of more thin-bedded sandstones and shales, of 
reddish brown and dark hues. The sandstones, which predomi- 
nate over the shales, are less heavily bedded than the series 
below. They manifest a marked disposition to split up into thin 
slabs under exposure, and hence degradation proceeds with much 
facility. Interstratified with the sandstones there are shaly beds 
of kindred constitution which were obviously once only the more 
muddy sands of the accumulating sediments. Besides these 
sandy shales there is found on the south side of Redcliff Penin- 
sula a very notable horizon of finely leaved shales of dark color, 
which disintegrate with great readiness into a soft talus of leaf- 
lets, extremely grateful to the feet of the explorer after their 
hard pounding over the rocky or bowldery surfaces that nearly 
everywhere prevail unsoftened by soil or vegetation. These 
more pronounced shales do not, however, appear to be sharply 
differentiated from the common sandstone and shale series, but 
possibly a more thorough study of the region would find grounds 
for separation. The thickness of the whole series can only be 
vaguely estimated from such cursory observations as I was able 
to make, but I should judge that it exceeds rather than falls 
below the estimate of the preceding series. No careful measure- 
ments of the thickness of any of these series were made, and 
the figures given are general estimates that will be serviceable 
only in giving an approximate idea of the massiveness of these 
formations. 

The conformity of the three sandstone series among them- 
selves suggests that there may be no vital distinction between 
them and that they represent a consecutive sedimentation reach- 
ing a total thickness of four or five thousand feet perhaps. 

Unfortunately the series is extremely barren of fossils. The 
absence of these cannot be charged to any catastrophe which the 
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series has undergone, for, while it is faulted in some places and 
gently tilted generally, it is not crumpled nor folded and shows 
no signs of destructive metamorphic changes. While it is by no 
means safe to assume the entire absence of fossils; while, indeed, 
it is perhaps safer to assume their presence, they are very rare, 
or else circumscribed in their distribution within the region 
studied ; for, though attention was chiefly absorbed by the gla- 
cial phenomena, it was incidentally necessary to traverse much 
territory occupied by the sedimentary rocks, and their exposure 
is so ample as to afford great facilities for observation. Vegeta- 
tion is not by any means absent, but it is so scattered as to offer 
practically no concealment of the surface. The intense frost has 
split the surface beds into innumerable slabs which lie in the 
greatest profusion over the surface. At the same time there has 
been very little disintegration of rock into soil, or else it has 
been washed away, and hence almost no concealment from that 
source. While in some parts drift from the crystalline series 
interposes some concealment, the extent of this is limited. The 
importance of finding a sufficient number of fossils to identify the 
formations was fully realized and a fairly constant outlook for 
them was maintained, but without result. All others who have 
visited the region have been, so far as I can learn, equally unsuc- 
cessful. There remain, however, grounds for hope that sufficient 
fossils will ultimately be found to determine the age of the for- 
mations. They have usually been referred, with doubt, to the 
Tertiary, because of the presence of that series, with a similar 
constitution, in the Disco region. So far as I can see, they 
might, with equal plausibility, be referred to an earlier age. 

The area occupied by the clastic series is only imperfectly 
known. The ice mantle of Prudhoe Land and the great inland 
sheet creep out upon it and conceal its inland limit in part. But 
such inferences as can be drawn from the constitution of the drift 
point to a limit at no great distance back from the shore. This 
is strongly supported by the fact that the arms of Inglefield Gulf 
reach the crystalline series and even the gulf coast is in part 
formed by it. The head of Bowdoin Bay, for instance, has crys- 
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talline walls on either side, though at its mouth there rise pictur- 
esque cliffs of sandstone. The Redcliff Peninsula, a triangular 
area, about fifteen miles on a side, lying between McCormick and 
Bowdoin Bays (see accompanying map), clearly has a nucleus 
of crystalline rock. On the south face, the clastic series forms 
the entire coast line. Each of the glacial tongues, however, that 
descends from the peninsular ice cap brings crystalline bowlders. 
As the ice cap is entirely indigenous to the peninsula, and the 
glacial movement is outwards in all directions, none of the crys- 
talline bowlders can be derived from any outside source. Besides, 
the nucleus is actually exposed on the northwestern side of Bow- 
doin Bay. East of Bowdoin Bay the clastic series occupies a 
narrow tract along the Gulf, while farther back the country is 
made up of the crystalline series, so far as could be seen directly, 
or inferred from the drift. On the south side of the Gulf, a part 
of the coast is formed by crystalline rocks, and a part by the 
clastic series. At the head of the Gulf, the islands, so far as 
seen, and the promontories on the south side, are composed of 
the crystalline series, but the Smithson Mountains (which 
were, however, only observed at a distance by a field glass) 
appeared to be formed of pinkish gray sandstone. As they lie 
in the line of the strike of that formation, it seems not improba- 
ble that the old clastic basin extended farther into the mainland 
than the present basin. 

The foregoing observations, taken together, appear to. justify 
the inference that the ancient gulf in which the clastic series was 
laid down was somewhat more extensive, but not greatly more 
extensive, than the present one, and that it had approximately 
the same form, though departing from it in some particulars. It 
appears also a natural inference that the old basin was the parent 
of the new one in the sense of having determined its location 
and measurably its dimensions. It is doubtless an instance of an 
ancient feature perpetuating itself through later geological ages. 

General topography of the region—The stratigraphy of the 
district has already led us to a recognition of its greatest topo- 


graphic feature, the basin itself. A study of its profiles quickly 


a 
| 


GLACIAL STUDIES IN GREENLAND. 203 


reveals its second great feature—an upper plane, dominating the 
higher land and constituting it a very pronounced plateau. We 
may recall that in a previous sketch of the topography of the 
coast to the southward, it was observed that though somewhat 


varying, it takes on a prevailing mountainous character. Indeed, 
I think that all descriptions of the ice-free belt of West Green- 
land represent it as mountainous, and these descriptions are fully 
justified so far as the region south of Melville Bay is concerned. 
Fortunately a new phase is assumed in this more northerly region. 


Fic. 17.—General view of the central portion of the south face of Redcliff 
Peninsula, introduced here especially to illustrate the non-mountainous plateau upon 
which the ice cap develops. The ice edge is about 2000 feet above and three miles 
back from the Gulf. Bryant glacier, at the right, is a typical ice tongue descending 
from the ice cap through one of the broader and deeper valleys. It will be described 
in detail farther on. The plateau face is here formed of the sandstone and-shale 
series described above; but the Bryant glacier brings down débris from the pinkish 
gray sandstone and the crystalline series. 


Here we have a pronounced plateau without bordering mountains. 
The few points about the head of the Gulf that are called moun- 
tains rise only a few hundred feet above the plateau, and would 
be altogether negligible in a really mountainous region. This upper 
plane lies about 2000 feet above the sea level. Along a portion 
of the coast there is a precipitous rise from the water to this 
plane. In other portions, and these have much greater extent, 
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there is a narrow skirting tract of lower ground, a portion of which 
is of moderate slope, and often takes the form of a series of imper- 
fect terraces. These, in some places, appear to be merely develop- 
ments of the talus slope, but in others to constitute remnants of 
a lower plane of erosion, which has a somewhat wide prevalence, 
although not an important feature of the general topography of 
the region. From these lower skirting tracts the ascent to the 
upper plain is usually steep, though rarely strictly precipitous. 
The edge of the plateau is notched by a series of short val- 
leys that lead down from the summit plane. The length of these 
is not usually more than two or three miles, except in the case 
of the greater arms, where, if we include the portion occupied 
by the bays, the length reaches a dozen or even a score miles. 
At the head of the valleys, the descent from the plateau is usually 
at first prompt, while towards the mouths of the valleys the 
gradient becomes lower and is usually determined by the lodg- 
ment of gravelly wash from above. The heads of the larger 
valleys are usually occupied by glaciers. These descend from 
the plateau into the valleys either by cataracts or by steep slopes. 
If the glacial tongues do not extend the full length of the valley, 
as is frequently the case, the lower portion is occupied by a broad 
plain of gravel and bowlders of glacial derivation, which gives a 
free and gentle descent to the glacier in its terminal portion. At 
the junctions of these glacial valleys with the Gulf, there is some- 
times a notable delta, broad and symmetrical, but not very large. 
They do not protrude far into the Gulf even when its waters are 
not deep The most notable of those observed was the one in 
front of the Fan glacier. The beautiful fanning out of the glacier 
at its extremity is reproduced in an almost equally symmetrical 
deployment of its delta. There are several of the valleys, however, 
which, though filled nearly to their mouths with glaciers, have 
no protruding deltas at all. The little embayments at their 
mouths are not yet filled with glacial wash. This is an observa- 
tion worthy of note in its bearings upon the duration and activity 
of the glaciation. The valleys occupied by the Gnome, the 
South Point, and the East glaciers, may be cited as illustrations. 
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Returning to the upper plane, it is worthy of note that its 
undulations are chiefly confined within a range of 500 feet. A 
panoramic view generally gives a mildly undulatory profile, as 
may be seen from the accompanying illustrations, and as will be 
more fully shown in the photographic illustrations that will be 
hereafter introduced in illustration of the glacial phenomena. 
Sometimes the profile is very markedly uniform. See Fig. 18. 
In the immediate district of my studies, there was but one prom- 
inence that has been dignified by the name of mountain, Mt. 
Bartlett, which overhangs Falcon Harbor and the headquarters 
of Lieutenant Peary, and which receives its characterization 
chiefly because of the sheer face it presents towards Bowdoin 
Bay, and because of its close association with the exploring expe- 
ditions. Its extreme height is little more than 2600 feet, and its 
rise above the plateau but a few hundred feet. About the head of 
the Gulf are several prominences reaching, if 1 have noted Lieu- 
tenant Peary’s observations aright, perhaps 3000 feet. They are 
conspicuous solely because they are promontories. In no instance 
do these reach the grade of true mountains when referred to the 
plane of the plateau. Were it extended over the area of the 
Gulf, all would be reduced to hills of moderate dimensions. 
General bearings of the geological and topographic features upon 
the glacial phenomena.—I have dwelt upon some of the fore- 
going features, especially the last, because of their bearings upon 
the behavior of the ice sheet. In drawing inferences from this 
field and applying them to our own glacial domain, it is obvious 
that the effects of topography must be eliminated or discounted. 
In so far as the border of Greenland is roughly mountainous, in 
so far a disturbing factor is introduced into the deployment of 
the border of the ice. To this extent it must be presumed to 
depart from the habit which it would adopt upon the plains of 
northeastern America. It is scarcely necessary to note that the 
great drift sheet of our mainland lies for the greater part upon a 
relatively smooth plain. This indeed becomes rolling, and even 
to some extent rugged and mountainous at the east, but for the 
greater part the ancient ice sheet deployed with very great 
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freedom upon a plain of moderate undulation. It is therefore a 
matter of much good fortune to find a portion of Greenland upon 
which the glaciers are now deploying with something of the 
freedom that the Pleistocene glaciers enjoyed upon the main- 
land. The outward movement of the ice upon the plateau sur- 
face of the Inglefield Gulf region is scarcely less free than upon 
the average surface of the mainland field. It is, 1 think, on the 
whole, more free than the ancient deployment was upon the 
average surface of New England and the Middle states, though 
somewhat less free than that upon the average plains of the 
upper Mississippi and of the great interior of Canada. The 
interruptions of the movement at the border of the ice consisted 
almost solely of the effects of the valleys that led down to the 
Gulf. Into these a portion of the border of the ice sheet crept 
and stretched forward in tongues from one to three miles long, 
or in the greater valleys at the heac of the bays, a few miles 
longer. In about half these cases the glacial tongues reached 
the sea level. Inthe remainder, they stopped short by distances 
ranging from a few rods to two or three miles. 

The geological structure of Greenland is in general unfavor- 
able to glacial studies. The prevalence of any single formation 
in a glacial region is infelicitous, because it fails to furnish data 
for determining the precise locality from which given bowlders 
have been derived, and hence for ascertaining the courses they 
have pursued, the rate of wear, and other vital elements of their 
history. It is especially unfortunate when the formation is one 
so versatile and deficient of order as the great crystalline com- 
plex of Greenland. There is in this case the added misfortune 
that the débris is chiefly coarse and arenaceous, and hence that 
characteristic admixture of clay and bowlders which constitutes 
till, the most typical glacial formation, is generally absent. Not 
only are the conditions of identification unfavorable, but the 
conditions for production are adverse. 

In the Inglefield Gulf region, however, there is considerable 
relief from these untoward features. The clastic series contains 
enough of material reducible to a fine silt to give, under suitable 
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conditions, a typical bowlder clay, or, if not, at least a distinctive 
bowldery silt or bowldery sand which clearly stands in its stead. 
But of much more consequence is the fact that the clastic 
series forms only a narrow belt along the coast, and that the 
limits of this, in chosen cases, can be closely determined, so that 
the extent to which drift has been transported can be approxi- 
mately learned. From this the intensity of the glacial action 
may be estimated by a comparison of the amount of abrasion with 
the distance of transport. Of more consequence than this, even, 
is the opportunity afforded for observing the position of material 
of known source in the ice, and hence of judging of the con- 
ditions under which the material is introduced into the ice, the 
method of its introduction, and the course it pursues in the ice. 
It has been the growing conviction of students of the Pleisto- 
cene drift that a large percentage of the material was derived 
from points not very distant from the places of final deposition. 
The opportunity to determine how far such local action is the 
habit of the Greenland glaciers is, therefore, one of the felicitous 
features of the Inglefield Gulf region. 

Glaciers of Northumberland Island.—At the mouth of Ingle- 
field Gulf lie two very considerable islands, Northumberland and 
Herbert. These present interesting phases of local glaciation 
that are worthy of a passing word, though it can only be a very 
general one, as they were merely observed from a distance while 
the vessel was detained in the vicinity by the ice. On Northum- 
berland Island a considerable ice field accumulates, although 
its elevation is apparently much short of 3000 feet, and several 
small glaciers creep down to the vicinity of the sea level. While 
the plateau surface contributes measurably to the formation of 
the glaciers, their gathering ground seems to be chiefly in amphi- 
theatres at the heads of valleys, which have developed notable 
dimensions and taken on the form of circs. Their peculiarity is 
a circ-like development in the margin of the plateau, combined 
with an inflow from the plateau surface above. The accumula- 
tion of snow is perhaps more due to the lodgment of the wind 
drift in the amphitheatres than to direct precipitation. In sur- 
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rounding regions, the heads of the valleys leading from the 
upper plain down toward the gulf do not usually develop notable 
circs. From these amphitheatres the glaciers gather into the 
narrower and lower portion of the valleys and creep down to the 
vicinity of the sea level. For the greater part they do not 
actually reach the sea, but stop a little short of it. It is notable 
that a large part of the drift they have brought down has accu- 
mulated at and under their lower extremities, so that they may 
be said to be creeping out upon causeways, or their feet may be 


Fic. 18.—Baby Glacier, on the north side of Herbert Island. 


said to rest upon pedestals of their own production. Some ques- 
tion might arise as to whether this was not an illusion due to the 
deceptive appearance of a closely hugging circumvallate moraine, 
if, fortunately, the glaciers had not in part retired and revealed 
the terrace-like nature of the pedestal, and if observations else- 
where, to be described later, had not put the verity of the phe- 
nomenon beyond question. Professor Libbey quite independently 
noted the same phenomenon on Herbert Island, and Lieutenant 
Peary had anticipated us both in remarking it at many places. 
Glaciers on Herbert Island.—On the south side and on the west 
end of Herbert Island glaciers appear to be altogether absent. 
The valleys leading down from the summit to the water’s edge 
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are free from snow in midsummer, and scattered vegetation 
makes them the haunt of the reindeer. On the north side, how- 
ever, there are several diminutive glaciers that are notable for 
the smallness of their collecting grounds and the steepness of 
their descents. This is perhaps sufficiently illustrated in the 
accompanying figure to make description needless. (Fig. 18). 
This one is so small, so simple, so self-explanatory, as to almost 
suggest its removal to a museum for illustrative purposes. Small 
as it is, the fine curvation of its lines of movement is ample 


Fic. 19.—Lower portion of the Igloodahomyne Glacier, seen from the southeast. 


demonstration of its true glacial nature. The photograph from 
which the illustration is derived was taken on one of the last 
days of July, and the melting of August doubtless removed 
essentially all of the snow that gives the white Y-like snow-figure 
of the illustration and left still more simplified and expressive 
the little lobular glacierette, the Baby glacier. 

The straightness of the sky line shown in the figure is worthy 
of note as an indication of the smoothness of the summit plain, 
which is a part of that previously mentioned as a characteristic 
of the region. This is too smooth, however, to be quite repre- 
sentative. The glacier here illustrated lies near the western end 
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of the island. There are some farther to the east which have 
made a larger growth with a lower inclination. These, like the 
glaciers of Northumberland Island, terminate on pedestals of 
their own construction, and of even more characteristic develop- 
ment since the glaciers are narrower and smaller. Here also, 
fortunately, there has been, in one case in particular and in two 
or three others subordinately, such a retreat of the ice foot as to 
leave the pedestal well exposed. One might suppose that gla- 
ciers descending so precipitously would plow out their valleys 
even down to their extremities, but these abandoned pedestals 
leave no doubt as to their habit under the conditions here 
presented. 

Leaving these little island glaciers, let us cross Murchison 
Sound and take up the study of a tongue of the great ice cap. 

lgloodahomyne glacier..—This glacier lies west of the mouth 
of Robinson Bay and can scarcely be said to fall within the 
strict environs of Inglefield Gulf, or even of its northern entrance, 
Murchison Sound. It belongs rather to the glaciers that cluster 
about the extreme head of Baffin’s Bay. It is a tongue of the 
ice cap of Prudhoe Land which in turn is a broad peninsular 
extension of the great interior ice field. The tongue can 
scarcely be three miles long, and it falls nearly two miles short 
of reaching the coast line. It is a typical glacial tongue devel- 
oped on the edge of the ice cap through the influence of the 
valley which it occupies. It descends from the main ice cap 
into the valley rather abruptly but without excessive crevassing. 
Lateral contributions are added in its upper portion, owing to 
the fact that the valley reaches back into the border of the ice 

‘It is my desire that all the names of glaciers in the environs of Inglefield Gulf 
which are used in this series of papers shall be credited to Lieutenant Peary. In most 
cases they are names definitely chosen by him and kindly placed, together with much 
other valuable data, at my service. In a few cases more than one name had been 
used or a descriptive phrase employed. It was understood that before we parted a 
final selection of names would be made, but the multitude of engrossing and divert- 
ing subjects that pressed upon our attenion led to its being overlooked. In consulta- 
tion with Mrs. Peary and Mr. Diebitsch a few names have been chosen to complete 
the list in accordance with what it is presumed might have been Mr. Peary’s choice. 


The right of nomenclature clearly rests with him. 
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field. It seemed also to receive small contributions from accu- 
mulations of snow on the edge of some of the promontories of the 
upper part of the valley. These were not reached, and the 
observation may be erroneous, but so far as could be judged by 
inspection with a glass at a distance of a mile or less, it would 
appear that large quantities of snow had been accumulated by 


the wind under the protection of some of the promontories, and 
that this gradually passed into the form of a subglacier and 
joined the main tongue. This appeared all the more abnormal 
because valleys immediately adjacent did not appear to contribute 
ice streams to the main tongue. There is perhaps nothing abnor- 
mal in the phenomenon, however, since it is largely a question of 
zolian accumulation, and the facilities for lodgment might, under 
given topographic conditions and special relations to predominant 
winds, be dependent on promontories rather than valleys. 

Below the glacier the valley was found to have a broad, flat, 
gravelly bottom formed by wash from the glacier. Its ascent 
between the beach and the foot of the glacier was about 200 
feet. No moraine appeared at the end of the glacier. The 
smooth, gravelly bottom extended uninterruptedly up to the very 
edge of the ice. This may as well be seen by consulting the 
accompanying illustrations (Figs. 19 and 21). Not only was 
this true, but on inspecting the terminus of the glacier no signs 
of activity were observable. The photographic illustrations will 
give the reader some suggestion of the inertness that apparently 
prevails. The edge of the ice may be seen to rest upon the 
gravelly bottom of the valley with a thin fringe of snowy resi- 
due which even in the last days of July and with the southern 
frontage remains as a representative of the accumulation of the 
preceding winter, and is still unruptured and undisturbed. On 
following the border of the ice around to the side of the val- 
ley the absence of obvious signs of motion became even more 
declared. Wash from the adjacent slope had obviously been 
carried out upon the edge of the ice and had partially buried 
it, and this had apparently suffered much melting during the 
preceding season or seasons as well as the current one, but no 
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clear signs of disturbance by any notable movement of the ice 
foot was detected. The characteristic humpy surface due to 
such melting of ice under débris is illustrated in Fig. 20. Here 
the débris seen in the center foreground is chipstone brought 
down from the slope on the right. The ice underlies it entirely 
across the foreground. Farther back and higher up in the left 


Fic. 20.—Phenomena on the southeast border of the Igloodahomyne Glacier. 
The débris from the bluff of sandstone and shale on the right has been washed upon 
the edge of the ice which has been subsequently melted in part, resulting in a char- 
acteristic humpy surface. 


central portion of the figure, an inclined belt of lateral morainic 
material may be seen on the ice slope. Apparently here is the 
decadence of seve-al seasons undisturbed by any sensible motion 
of the ice, a state of practical stagnation. It is obvious that 
the ice border has recently retreated. But this might take place 
with the ice still creeping on at an appreciable rate und with dis- 
turbing effects if the wastage were superior to the advance. It 
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would appear that though the wastage was very small, the 
onward movement was so much smaller as to give almost no 
visible signs of motion at the margin. Some motion is, of 
course, implied by the very existence of the glacier and its lateral 
moraines. The absence of appreciable disturbance of any kind 
is notable because it betrays the sluggishness of the glacial 


Fic. 21.—Terminal slope of the Igloodahomyne Glacier; gravel plain and glacial 
stream in the foreground; alluvial cone and bluffs of sandstone and shale in the 
background. 
activity. So slight was the evidence of motion at the front of 
the glacier that I was prompted to resort to the closest avail- 
able method of measurement to determine it—by fixing a stone 
in the edge of the ice and accurately measuring with a steel 
tape line the distance from it to a fixed object in front of the 
glacier —but unfortunately no opportunity to return and make a 
second measurement was afforded. 
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The terminal slope of the glacier was steep but not vertical. 
In some portions it curved rapidly downward to the base, but 
for the larger part it dropped away somewhat suddenly from a 
point well up on the brow, the descent being a nearly plane 
slope, at some points even slightly concave. Along a portion 
of the face there had been some undermelting, giving an 
approach to verticality (see Fig. 19). These terminal features 
place the Igloodahomyne glacier in a class between the Disco 
glaciers and the majority of the glaciers of the Inglefield Gulf 
region presently to be described. The Figures 19 and 21 illus- 
trate some of the forms of the terminal slope. 

The transverse profile of the glacier, as seen from the valley 
below, is a quite flat curve, as may be inferred from Fig. 19, the 
point of view of which is oblique and too near, or still better from 
Fig. 5 in the introductory narrative, the point of view of which 
is more distant and more nearly central, although still east of 
the center of the valley. There is, as will be observed, little 
débris on the surface of the glacier except near the side. 

Ascending to the back of the glacier, which was accomplished 
without difficulty from the side, there was found to be consider- 
able débris in the lower part of the ice at its lateral edge, but 
this disappeared as the upper surface was reached. Farther up 
the valley, on the east side, a very considerable lateral moraine 
was observed. 

The ice was found to be solid and almost free from crevasses 
on the eastern side, though here and there fissures gaping a few 
inches were crossed. On the western side crevasses of a few 
feet in breadth were somewhat frequent over a tract adjacent to 
a convex border, to the stretching of which they may doubtless 
be attributed. These crevasses were old and snow-filled for the 
greater part. Only here and there were there indications of freshly 
opened fissures, and these were to be measured rather by inches 
than by feet. 

Although it was then a month past the summer solstice, the 
surface of the glacier was still partially covered with the snows 
of the preceding winter and spring. Remnants occurred at 
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almost all elevations, and from a height of 1500 feet upward 
snow spread over the larger portion of the surface of the glacier ; 
large depressions had indeed been made in it by the heat of the 
sun, and here and there it was completely removed. Occasional 
snows fell during the latter part of August and permanent snow 
was to be expected in September. The amount of surface wast- 
age which the season permitted could not, therefore, be very 
great, and the inactivity of the glacial mass, as shown by its 


Fic. 22.—Dust wells on the Igloodahomyne Glacier; taken with the camera 
held directly above them. The largest are about two inches in diameter. 


border, is in signal harmony with this limited wastage, which is 
the factor over against which its motion balanced in determining 
the status of the mass. It would appear that the wastage is as 
notably slight as the motion. It is doubtless unsafe, however, 
to urge these considerations very far, because the season was 
probably unusually adverse. 

At the time of our visit the melting of the surface was mark- 
edly rapid, and swift little rills streamed down the slopes of the 
glacier in miniature channels cut in its surface. The relative 
absence of crevassing permitted these to run long courses, and 
by joining each other to form considerable streamlets near the 
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ends or sides of the glacier from which they plunged downwards 
in beautiful little cascades. 

Perhaps the most interesting feature of the surface of the gla- 
cier was its numerous dust wells, a phenomenon which Norden- 
skjéld brought pointedly to public attention some years since. 
Upon this glacier they were relatively small but exceedingly 
numerous and widely distributed. They are cylindrical tubes 
penetrating the ice to a depth of six or eight inches, or occasion- 
ally a little more. They ranged in size from tubelets which 
would scarcely more than admit a lead pencil up to wells of a 
foot or more in diameter, though the latter sizes were rather 
rare. Occasionally they were double or complex, due perhaps 
in part to the joining of two or more smaller tubes, and in part 
to original irregularity in the distribution of the dust which formed 
them. Sometimes there was a central column of ice reaching 
from the bottom to a capping above which implies the former 
explanation. The tubes were singularly vertical. Nowhere were 
they observed to incline to the northward, as holes melted in the 
snow in southern latitudes so commonly do. There was, how- 
ever, no question as to their being the effects of melting. At 
the bottom of each was a thin film of black dust which was their 
obvious cause. This dust, catching the sunlight and transform- 
ing its energy, melted its way downward. The circular course 
of the sun doubtless tended to correct any tendency to inclina- 
tidn, but even in this latitude the difference between the heat of 
the southerly and the northerly sun is quite pronounced, and the 
verticality is apparently independent of the inclination of the 
sun’s rays. 

It was noticed that a film of ice frequently stretched across 
the upper part of these wells, and that the water within them 
had shrunk away two or three inches from the film. Occasion- 
ally there was a second film of two or three inches below the 
first, and the water had sometimes shrunk away from this also. 
Obviously the well had been nearly full when the first film of ice 
was formed, for the most of them were near the mouth of the 
well. As these observations were made near midday, the sug- 
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gestion that sprang from the phenomenon was that the film of 
ice had frozen during the preceding night, and that the falling 
away of the water beneath represented the amount of absorption 
of the glacier in the interval, say ten or twelve hours. The sig- 
nificance of this as indicating the facility with which a glacier 
drinks up water on the surface became obvious, and the desira- 
bility of making direct observations upon the wells to determine 
this was fully appreciated, but the demands of other lines of 
work and the distance from headquarters of wells suitable for the 
observations, rendered this impracticable. In another way, how- 
ever, the suggestions of the phenomenon were in a measure 
verified. It was observed that whenever thawing was checked 
by cold weather, it was quite promptly followed by the entire 
disappearance of the water from the wells. On my first visit to 
the main ice cap, northeast of Bowdoin Bay, August 7, the 
surface was saturated with water and the wells were full. On 
my second visit, on August 10, water was observed only in the 
ravines into which it had gathered from considerable areas. 
The surface was then covered with six inches of fresh snow, and 
special search was not made to determine the presence or 
absence of water in the wells and the observation was unsatisfac- 
tory. On my third visit, August 18, very diligent search was 
made and no water whatever found in even the largest and 
deepest of the wells, and these were here of considerable dimen- 
sions. It therefore appeared quite certain that the water that 
was melted upon the surface was absorbed with considerable 
rapidity into the glacier. Doubtless this descends into its depths. 
The percentage of the product of melting that is thus absorbed 
and the rapidity with which it descends into the greater depths 
are certainly matters of much interest and obviously invite investi- 
gation. 

The dust in the wells is quite certainly of terrestrial origin, 
in the main, at least. In some instances fragments of shale 
were discernible with the naked eye. 

The drainage of the Igloodahomyne glacier presents a depart- 
ure from the method prevalent in Alpine glaciers, though it is 
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the common habit of this region. The familiar central tunnel, 
or main drainage line near the middle of the valley was absent, 
and only little streamlets flowed away from this portion of the 
glacier. These were very largely formed from the streamlets of 
the surface which came cascading down the terminal face. No 
large amount of water appeared to be coming from beneath the 
base, and this was not murky from glacial silt, as is the manner 
of streams issuing from beneath active glaciers. The main 
drainage from the glacier flowed along its two sides. At its 
extremity these lateral streams followed down the borders of the 
frontal plain, or turned obliquely out toward the center, branch- 
ing meanwhile freely, and at length usually came together some 
distance below the end of the glacier. These lateral streams 
were murky with silt, but whether it was chiefly due to their 
tumultuous descent over the lateral débris, or to subglacial 
grindings, it was not easy to determine. There was doubtless 
something of both. 

The valley occupied in part by the Igloodahomyne glacier 
afforded an interesting opportunity for comparing the relative 
rates of meteoric degradation and glacial erosion, though beyond 
a doubt the comparison is very unfair to the glacier, for here its 
power was at an extreme minimum, while the steep faces of the 
adjacent bluffs and the very effective frost action intensified the 
meteoric agencies of degradation to nearly their maximum effi- 
ciency. It was none the less interesting to observe that on the 
sides of the valley very large and symmetrical alluvial cones 
were formed at the foot of ravines leading up to the summit 
plateau. The valley below the glacier retained very little sign 
of previous glacial occupancy. (See background of Fig. 21.) 
Attention has already been called to the spreading of one of : 
these alluvial cones out upon the edge of the glacier. A com- 
parison between the facility with which these alluvial cones were 
formed, and the rate of glacial corrasion, was here at least 
altogether unfavorable to the latter. But, as remarked before, 
this is taking the glacier at the greatest disadvantage. 

T. C. CHAMBERLIN, 


EDITORIAL. 


At the close of the recent International Congress of Geolo- 
gists in Switzerland an elaborate excursion was organized, as is 
well known, under the leadership of Dr. Albrecht Penck, of the 
University of Vienna, Dr. Eduard Brickner, of the University of 
Berne, and Dr. Léon Du Pasquier, of Neuchatel, the purpose of 
which was to inspect the most instructive sections of the glacial 
system of the Alps. The appointments are reported to have 
been most admirable and carried into execution with rare suc- 
cess. Very unusual opportunities were afforded for examining 
representative deposits and for comparisons of phenomena on 
both sides of the Alps. At the close a letter very significant of 
the impressions formed was addressed by the twenty-nine mem- 
bers of the party then present to Dr. James Geikie, reciting that 
as members of the Glacialists’ Excursion they had studied the 
superposition of three successive glaciations and their inter- 
glacial deposits on both sides of the Alps, and desired to 
address their congratulations to the author of Zhe Great Ice Age 
and to express their regret that he was unable to be one of 
their party and see for himself a series of exposures which would 
have had a very special interest for him. The signers embraced 
Albrecht Penck, Eduard Briickner, André Delebecque, Léon Du 
Pasquier, Hugh Robert Mill, London; Andr. M. Hansen, Chris- 
tiania; K. Keilhack, Berlin; E. Zimmerman, Berlin; A. Jentsch, 
KGénigsberg; G. Berendt, Berlin; Dr. Greim, Darmstadt; Leo 
Wehrli, Ziirich; Dr. Wahnschaffe, Berlin; A. W. Pavlow, Mos- 
cow; Willi Ule, Halle; Dr. Fritz Regel, Jena; A. P. Pavlow, 
Moscow; Aug. Aeppli, Ziirich; F. Milhberg, Aarau; E. Flour- 
noy, Genéve; J. Lorié, Utrecht; Immanuel Friedlaender, Berlin ; 
A. Woeikof, St. Petersburg ; Hav. Pfeiffer, Dugald Bell, Glasgow ; 
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Adolf Forster, Wein; A. Schenck, Halle; Bernard Hobson, 
Manchester. 

Dr. Geikie will give in the next number of the JouRNAL oF 
GEOLoGy a classification of European glacial deposits, in which 
he will propose a series of formational names analogous to those 
suggested by the present writer for the American formations in 
the sketch of these given in the last edition of Zhe Great Ice Age. 


*,* 


AMERICAN geology has received a very gratifying testimonial 
of its appreciation abroad through the action of the Geological 
Society of London in conferring the Bigsby Medal upon Director 
Charles D. Walcott of the U. S. Geological Survey. It was the 
wish of Dr. Bigsby in providing for the medal that it should be 
awarded in “acknowledgment of eminent services in any depart- 
ment of geology, irrespective of the receiver's country,” and that 
the recipient should not be older than forty-five years. This 
worthy recognition, designed to honor and encourage young and 
rising talent, coming so near the inauguration of his administra- 
tive service, will prove peculiarly auspicious and will strengthen 
the hands of the Director. 

Congress has paid its compliments also to the new adminis- 
tration of the Survey in slightly increased appropriations. —C. 
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PUBLICATIONS. 


The Penokee Iron-Bearing Series of Michigan and Wisconsin. By 
R. D. Irvine and C. R. Van Hise. Monograph U. S. Geo- 
logical Survey No. XIX., 1892. Quarto, 534 pp.; with 37 
plates representing microscopic sections of the rocks of the 
district, and geological sections and maps of the region. 


The region discussed in this volume lies a few miles south of Lake 
Superior, partly in Michigan, partly in Wisconsin. It extends from 
Lake Gogebic in Michigan westward in a narrow strip from one to 
three miles wide, to Lake Numakagon in Wisconsin, a distance of 
about eighty miles. This area is covered by rocks of the Penokee 
series, which dip northward in a long and very regular monocline. 
The series is underlain by crystalline rocks designated the Southern 
Complex, though occasionally there intervenes between this and the 
Penokee series a formation designated the Cherty limestone. The 
Penokee series is overlain by the Keweenaw series, which in turn is 
overlain by the Eastern Sandstone. 

The Southern Complex is considered to be of Archean age and is 
discussed more fully in another part of this review by Professor 
Iddings. It was much eroded and reduced almost to base level before 
the deposition of the overlying formations. 

The cherty limestone is considered to belong to the Lower Huro- 
nian division of the Algonkian. It is composed of cherty, dolomitic 
limestone alternating with layers of chert, and averages about 300 feet 
in thickness. It is not continuous throughout the region, but is found 
intermittently between the Southern Complex and the Penokee series. 
A period of erosion of this formation occurred before the deposition 
of the overlying series, but it was of far less magnitude than the preced- 
ing period of erosion of the Southern Complex. 

The Penokee series is considered to be the equivalent of the 
Animikie, and belongs to the Upper Huronian division of the Algon- 
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kian. It is composed of three members designated in an ascending 
order as the Quartz-Slate member, the Iron-bearing member, and the 
Upper-Slate member. All of these lie conformably with each other, 
but differ considerably in the character and the mode of deposition of 
their constituents. ‘The Quartz-Slate and Upper-Slate members are of 
clastic origin, while the Iron-bearing member is largely composed of 
chemically deposited materials. 

The Quartz-Slate member is about 500 feet thick, is composed of 
fragmental materials among which quartz predominates, and is capped 
by a layer of pure quartzite, which has played an important part in the 
formation of the iron ore bodies. The Iron-bearing member averages 
about 800 feet in thickness, and is composed of cherty iron carbonates, 
ferruginous slates and cherts, and actinolitic and magnetitic slates. 
The cherty iron carbonates are the original form from which the other 
rocks mentioned were derived. ‘The iron ore deposits of the region 
were also formed from the same sources and in a manner to be discussed 
more fully below. ‘The Upper-Slate member averages about 12,000 feet 
in thickness. It is of clastic origin, and composed mostly of gray- 
wackes or graywacke-slate, though sometimes altered to a crystalline 
schist. 

Numerous bodies of diabase have been intruded into the Penokee 
series, both in the form of dikes and of interbedded sheets probably 
contemporaneous with the dikes, both being presumably of Kewee- 
nawan age. These diabase intrusions have had a most important effect 
on the formation of the iron ore deposits, as will be noticed later on. 

The Penokee series was subjected to a period of considerable ero- 
sion before the depositions of the overlying Keweenaw series, and this 
in turn was again subjected to disturbance and erosion before the depo- 
sition of the overlying Eastern Sandstone. It will thus be seen that 
the Penokee series is separated by marked unconformities, both from 
the underlying Southern Complex on the south and the overlying 
Keweenaw series on the north; while it is terminated on the east by 
the Eastern Sandstone and is abruptly cut off on the west by erosion. 
It occupies, therefore, an isolated area, unique among rocks of this age 
for the clear definition of its members and the simplicity of its structure. 

The iron deposits which have made the Penokee region (also known 
as Penokee-Gogebic region) celebrated as a mining district, occur in 
the lower horizon of the Iron-bearing member of the Penokee series, 
and generally immediately over the quartzite which forms the upper- 
most horizon of the Quartz-Slate member. The diabase dikes which 
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occur in the Penokee series came up partly, at least, before the enclos- 
ing rocks assumed their present position, and they have since been 
subjected to the same disturbance which developed the monoclinal 
structrue of the region. The result is that in places where the dikes 
intersected the quartzite of the Quartz-Slate series V-shaped troughs 
have been formed, opening upwards and bordered on one side by dia- 
base and on the other by quartzite. In these troughs, of course, were 
originally included V-shaped masses of the cherty iron carbonates of 
the Iron-bearing member which immediately overlies the quartzite. 
This material contained too little iron to be of commercial value, but 
by a process of chemical concentration in the V-shaped troughs, rich 
bodies of pure hematite have been formed. It is shown that during the 
process of erosion and superficial oxidation one side of the V-shaped 
mass of cherty iron carbonates was oxidized more rapidly than the 
other, so that the iron in it was converted to sesquioxide, while the 
iron in the other side was still in the form of carbonate. Surface 
waters percolating through the oxidized part of the V-shaped mass, 
therefore, continued down without losing much of their oxygen, for 
the materials which they met in their course had already been oxidized. 
These waters in descending met one of the sides of the V-shaped 
trough and were deflected down to where the two sides met, with con- 
siderable oxygen still in solution. Surface waters, however, percolating 
through the less thoroughly oxidized part of the V-shaped mass lost 
their oxygen in oxidizing carbonate of iron in the unoxidized cherty 
iron carbonates, but in turn they received carbonic acid from the decom- 
posed carbonate. This enabled them to dissolve some of the iron car- 
bonate not yet decomposed ; and thus ladened with iron in solution, 
they percolated down, and were deflected by the other side of the 
trough into its lower part. Here they met the waters containing oxy- 
gen which at once oxidized the iron held in solution and precipitated 
it ina sesquioxide condition. In this way the large bodies of iron ore 
were collected ; and by the same waters that brought the iron into the 
trough the silica in the cherty material was removed, thus leaving a 
pure iron ore. It is evident that during the erosion of the cherty iron 
carbonates the iron from them would be gradually leached out and car- 
ried into the trough, instead of lost in surface waters. 

The evidence that such a process has gone on is very strong and 
has been presented in a most admirable manner by Professor Van Hise, 
whose work shows very clearly the fallaciousness of the old idea that the 
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iron deposits were simply layers interbedded with the associated rocks. 
The same theory of the formation of iron deposits, changed a little to 
suit local details, might consistently be applied to many iron deposits 
in the eastern states and in the Rocky Mountains, though of course the 
trough in which concentration occurred need not necessarily have been 
formed by a dike and a quartzite, as in the Penokee region. The 
trough may be formed in a great number of ways, by disturbances 
and foldings in the rocks without any dikes, by the crumbling of local 
areas of rock, etc. 

In addition to the purely geological part of the volume, a chapter 
on previous geological work in the district and a full summary of the 
literature is given. A most excellent feature of the volume is the sys- 
tem of clear, brief summaries at the end of each chapter and the gen- 
eral outline of the volume given in the beginning, both of which are of 
the greatest value in giving a correct understanding of the subject, as 


well as a convenient means of rapid reference. 


R. A. F. PENROSE, JR. 


The Petrology of the Penokee Tron-Bearing Series. 

As an example of the value of petrographical study, both of the 
rocks of a metamorphosed series, fer se, and of the production of a 
metalliferous deposit of great economic importance, the monograph by 
Irving and Van Hise stands preéminent. Not only has the investigation 
been thoroughly and skillfully made, but the data obtained have been 
presented in such a manner as to render them accessible to those who 
may wish to follow the investigation step by step, and be able to form, 
as it were, an independent opinion. At the same time the results are 
stated in a concise form with sufficient explanation for those who do 
not care to follow the study in detail. This has been accomplished by 
placing the results in the form of general statements, and by supple- 
menting them with a tabulation of the observations. In the case of 
each formation studied the field occurrence and megascopical structure 
have been combined with the microscopical characteristics in shaping 
the history of the formation. And the probable origin of each has 
been reasonably demonstrated. 

Owing to the fullness of the petrographical portions of the report, 
which, in fact, constitute the foundation of the work, it will not be pos- 
sible to do justice to it in a brief review, in which only a few of the 


salient features can be pointed out. The most notable of these are in 
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connection with the terrane of crystalline schists underlying the Peno- 
kee series, and known as the Southern Complex. The first is the 
diverse petrographical character of these rocks and their probable 
igneous origin. ‘The second is the author’s use of the term granite. 
These will appear from the following digest : 

The Southern Complex is considered to be Archean, and is desig- 
nated on the map as granite, granitoid-gneiss, schist and fine-grained 
gneiss. In the text these rocks are said to be exceedingly complex 
both as to their lithological character and structural relations, com- 
prising unmistakable eruptives, including diabases (considered post- 
Archean in age), syenites, gneissoid-granites, granites, and many dif- 
ferent varieties of gneisses and schists. The areas of granite and 
schist alternate with one another, and are associated in such a man- 
ner as to indicate that the latter are metamorphosed forms of the 
granites. Instances of the alteration of feldspar to quartz and biotite 
are described, and the changing of a feldspar-rock into a mica-schist. 
The “Western granite”’’ area consists of “granite and gneissoid gran- 
ite,” the latter varying in structure from almost granitic to “extremely 
contorted and quite finely foliated.” The mineral composition is 
nearly constant throughout this area and is that of granite. The “ West- 
ern green schists” are distinct from the rocks just noted. In different 
parts of the area they have very different characters. Most of them are 
finely schistose gneisses of various kinds, some appear to be highly 
altered basic eruptives. The “Central granite” has a large area and is 
both granitic and gneissoid. ‘The rocks here included vary greatly 
in their chemical composition, running from granites to gabbros. The 
three chief types of rocks are the granites, the syenites, and the gab- 
bros.” Concerning the “ Eastern granite” the author says: “The 
phase here included run from typical syenites to typical quartzose 
granite.” 

The diabases occurring in the Southern Complex are considered 
to be contemporaneous and in some cases continuous with those form- 
ing dikes in the Penokee series. 

The author states that “the kinds of rocks mentioned in the South- 
ern Complex are not necessarily all which may there exist,” since only 
a fraction of the exposures were visited. The most important fact 
developed by the study of this complex is the apparent gradual change 
between the massive rocks and the schistose ones, and the conclusion 
that the latter are metamorphosed eruptive rocks. 
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It is evident that in the region described the Archean forma- 
tion consists of rocks of widely different composition, and that the 
variations are frequently repeated throughout the area. 

The use of the term granite in a general sense for granular rocks, 
without regard to their composition, must naturally preclude its use in 
the narrower petrographical sense. The need of some widely applica- 
ble terms to designate groups of rocks resembling one another in out- 
ward, megascopical appearance is becoming more and more urgent as 
the refinements of advanced petrography tend to discriminate more 
closely upon a basis of characters not distinguishable in the outward 
appearance of rocks. ‘The necessity of maintaining terms which may 
be applied to rocks by those not conversant with petrographical meth- 
ods of investigation, or which may be used until the precise character 
of the rock has been discovered, must be evident to all geologists. 
The same term, however, should not be used in a general and ina 
restricted sense. As others have pointed out, granite may properly be 
employed as a general term for all phanerocrystalline, evenly granular 
rocks. A new term would be required for such rocks, when composed 
of quartz, alkali-feldspars with or without ferro-magnesian silicates. 

The petrographical study of the members of the Penokee series has 
led to the conclusion that the chert and limestone of the cherty limestone 
member are water-deposited sediments, whose origin is not improbably 
organic, the silica having been rearranged and the limestone dolomi- 
tized. The study of the quartz-slate member shows its composition 
to be varied ; that it is always fragmental, and that its induration is due 
to the secondary enlargement of quartz fragments, rarely of feldspar 
fragments. It is also due to the alteration of the feldspar to biotite, 
chlorite and quartz by the accession of material from neighboring 
sources. ‘The source of the original fragments composing this forma- 
tion was chiefly the Southern Complex. 

The petrographical study of the Iron-bearing member has demon- 
strated satisfactorily the origin and mode of formation of the ore- 
bodies, the substance of which is reviewed more particularly by Profes- 
sor Penrose. 

The upper slate member was found to be of fragmental origin, and 
was derived from the Southern Complex. Metasomatic changes have 
altered the original deposits to a greater or less extent; the extreme 
metamorphism resulting in rocks in no way distinguishable from crys- 
talline schists. This change has been most complete in nearly pure 
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arkoses which have been converted into mica-schists. The change of 
feldspars into biotite and quartz is notable. 

The eruptive rocks cutting the Penokee series in the form of dikes 
and sheets are normal diabases, occasionally grading into gabbro. The 
chief feature of interest developed in their study is the fact that their 
freshness and alteration is closely dependent on the permeability of 
the adjacent rocks to percolating waters, showing that environment 
may be a more important element than age in the preservation of a 
rock. 

The formations composing the Eastern area of the Penokee series 
have been modified by contemporaneous volcanic action, and the accu- 
mulation of surficial lavas, both massive and fragmental. These were 
of a basic character, some being porphyrites, others diabases, grading 
into gabbros that are considered to be deep-seated parts of the lavas. 
These rocks have been altered into greenstones. The other rocks of 
the Eastern area resemble those of the Western area in petrographical 
characters. 

In the closing chapter of the monograph the flexures and faults are 
discussed, and the structure of the region is described. The Penokee 
series is correlated with the Animikie series, and also with the Mar- 


quette. Other correlations are suggested. 
JosepH P. IpDINGs. 


Summary of Current pre-Cambrian North American Literature.* 


Cross? describes intrusive sandstone dikes in the Pike’s Peak granite. 
The material has all the characteristics of dikes. ‘The larger number are 
a few inches or a few feet thick, but they vary from a film to those 
three hundred yards wide. Some of the larger have been followed for 
nearly a mile. The dykes have a general trend parallel to the belt in 
which they occur, and they are connected in an intricate way by 
diagonal fissures, and all are regarded as belonging to a single fissure 
system. The material of the dikes is fine and even-grained sand 
grains, either in the form of sandstone or more commonly indurated 
to a dense hard quartzite. The induration is mainly due to limonite, 
but in some degree is due to muscovite, and to secondary silica. The 


Continued from p. 454, Vol. Il. JouRNAL GEOLOGY. 
?Intrusive Sandstone Dikes in Granite, by WHITMAN Cross. Bull. Geol. Soc. 
Am., Vol. 5, pp. 225-230, pl. 8, 1894. 
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physical and mechanical facts seem to show that the fissures of this 
complex were filled by fine quicksand, injected from an unknown 
source, containing a large amount of homogeneous material. 


Peale’ places the Belt formation of the Three Forks sheet in the 
Algonkian. ‘This formation at the East Gallitan River is 2300 feet 
thick and consists of an alternation of coarse, micaceous sandstones and 


conglomerates, with beds of hard argillaceous slates, and bands of thin- 
bedded, dark blue, siliceous limestones. The latter are very hard and 
some are slightly magnesian. The limestones occur mainly towards 
the base of the section, in bands ordinarily from five to twenty feet in 
thickness, but sometimes reaching nearly fifty feet. On the Bridger 
range the formation has a thickness of at least 6000 feet. It is also 
characteristically exposed in the Caion of Jefferson River fourteen or 


fifteen miles above its mouth. 

Nowhere in the Gallitan valley is the belt formation found in 
immediate superposition upon the Archean, but that it is post-Archean 
is shown by its being made up largely of Archean débris. Between the 
Belt formation and the overlying Flat Head Cambrian quartzite there 
is no well defined unconformity, although there was an important oro- 
graphic movement between the two, the entire area of the Three Forks 
sheet being submerged at this time. Little, if any, induration is seen 
in the Flathead formation, while the Belt beds are so altered in most 
cases as to resemble closely the metamorphic crystalline rocks which 
underlie them, and from which they were derived by their breaking 
down. Notwithstanding the metamorphism there is no mistaking the 


sedimentary character of the Belt formation. 
We have, therefore, a non-fossiliferous formation of clastic beds, in 


some places highly metamorphosed, which lies between the Archean 


gneisses and a belt of quartzite, above which are beds with Middle 


Cambrian fossils. From its stratigraphical position this formation can 


be only of Lower Cambrian or of Algonkian age. 
The possibility that Lower Cambrian fossils may yet be found in 


the quartzite at the base of the Flathead formation; the absence of 


organic remains in the Belt formation ; the metamorphosed condition 


of the latter, and the existence of an orographic movement between 
the quartzite and the beds below lead us to refer the latter, for the 


present at least, to the Algonkian. 


* The Paleozoic Section in the Vicinity of Three Forks, Montana, by A. C. PEALE. 
Bull. 110, U. S. G. S., 1893, pp. 56. 
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McConnel' reports a small area of Archean gneisses on the north- 
ern shore and neighboring islands of Lake Athabasca, on the islands 
of Lake Mammawi, and in the tilted deposits bordering Quatre Four- 
chés River. The gneisses include hornblendic, micaceous, chloritic 
and epidotic varieties. In places they pass into a mica-schist or 
chlorite-schist. ‘The gneisses strike from 10° to 20° west of north. 


Bell? describes the pre-Palzozoic rocks of the north of Lake Huron 
as having been subjected in certain areas to vast denudation and decay 
before Palzozoic time. The evidence of this decay, most frequently 
found in granite, consists in hollows, pits, irregular ridges, and even 
small caverns, which are filled with Paleozoic limestone. These irregu- 
larities are regarded as having been formed at the bottom of the deep 
sea by solution. Had the erosion taken place on land there would be 
evidence of this in deeper decay in the substances of the rock and in 
the deposition of detrital deposits below the pure limestone, which in 
many Cases rests directly upon the pre-Palzozoic rocks. 

In the area between the foot of Lake Ontario and the head of 
Georgian Bay the contact of the Potsdam sandstone and Black River 
limestones with the underlying gneiss and quartzite is seen at many 
localities. These rocks are generally hard and fresh. The surface is 
irregular, and the whole has been buried beneath the horizontal 
Paleozoic rocks. 

Many of the long narrow valleys of the Archean region are due to 
the decay and removal of wide greenstone dikes or parallel dikes, 
with the belts of rock between them. The greenstone dikes are never 
found to traverse the overlying Silurian, and it is supposed that these 
valleys were mostly formed before the deposition of the Paleozoic 
strata. It is thought that the larger part of this Archean area never 
received any of the Palzozoic rocks upon it, and that the surface of the 
Archean had been reduced to something like its present level and 
aspect before the Paleozoic deposits were deposited. As evidence of 
this are outliers of the Potsdam sandstone and Black river limestone 
filling similar narrow valleys. 

Comments. It may be suggested that the evidence given that the 

«Report on a Portion of the District of Athabasca, comprising the Country between 


Peace River and Athabasca River, North of Lesser Slave Lake, by R. G. MCCONNELL. 
Ann. Rep. Geol. Sur. of Canada for 1890-1, Vol. V, Part 1, D, pp. 5-62, 1893. 


?Pre-Palwozoic Decay of Crystalline Rocks North of Lake Huron. Bull. Geol. 
Soc. Am., Vol. 5, pp. 357-366, pls. 15, 16, 1864. 
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greater part of the Archean area was never covered by Palxozoic 
rocks is inconclusive, since it is stated that the pre-Palzozoic topogra- 
phy of the area covered by Paleozoic rocks is the same as that not so 


covered. 


Adams‘ gives a preliminary description of Sheet 118 of the Canadian 
Survey, an area of about 3500 square miles, situated north of Lake 
Ontario, in the counties of Victoria, Peterborough and Hastings. The 
whole area is occupied by the rocks of the Laurentian system, with 
the exception of the southeast corner, which is underlain in part by 
the Hastings series. In the surrounding eastern portions there is an 
abundance of crystalline limestone, and the rocks have all the character- 
istics of the Grenville series of Sir William Logan. In the north- 
western part of the area the country is apparently occupied by gneiss 
alone. ‘The relations of the Grenville series to the gneiss free from 
limestone has not yet been definitely determined, although the lime- 
stone and the associated gneiss seem in certain cases to partially enclose 
areas which contain no limestone. ‘Throughout the area occupied by 
the Laurentian rocks, the dip, are uniformly at an easterly direction, 
usually at moderate angles. Only at one or two points have westerly 
dips been observed, and these are quite local. The relations of the 
Hastings series to the Laurentian is also as yet uncertain. One of the 
most marked characteristics of this district is the great development of 
pyroxenic and hornblendic rocks, among which many are, without 
doubt, of eruptive origin. Also there are several large intrusive 
masses of granite, and a very extensive mass of nepheline syenite. 
Otherwise the Hastings and Grenville series are not very unlike 
petrographically. 

In the area south of Sheet 118, in Dalton and the western part of 
Digby townships, is found reddish orthoclase gneiss, with dark, mica- 
ceous and hornblendic bands, which is cut in a complicated way by 
coarse-grained granite. In the eastern part of Digby township and in 
Lutterworth and Galway townships are found crystalline limestones, 
and the peculiar rusty weathering gneisses always associated with them. 
In the limestone districts various metalliferous ores are found. 


‘Preliminary Report on the Geology of a Portion of Central Ontario situated 
in the Counties of Victoria, Peterborough and Hastings, together with the results of 
an Examination of Certain Ore Deposits Occurring in that Region, by F. D. ADAMs. 
Geol. Sur. of Can., Ann. Rep., Part IL, Vol. VL, pp. 15, 1894. 
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Low’ describes the Archean of Portneuf, Quebec and Montmorency 
counties in Quebec. ‘These rocks cover about 980 square miles, and 
are covered on the south by Cambro-Silurian limestones and shales. 
A rough section from west to east across the northern portion at right 
angles to the strike through lake Simon is as follows: 

(1) Dark schistose mica-gneiss, interbanded with coarser red and 

gray mica-gneisses. 10 miles. 

(2) Fine-banded gray, pink and red mica-gneisses, and mica- 

hornblende-gneisses. 10 miles. 

(3) Dark gray garnetiferous hornblende-gneiss. 2 miles. 

(4) Fine-banded gray, pink and red mica-gneisses and mica- 

hornblende-gneisses. 7% miles. 

(5) Dark green basic, crushed granitic gneiss. 1% miles. 

(6) Coarse red and gray augen-gneiss. 2% miles. 

(7) Fine-banded gneiss (2) and (4). 6 miles. 

(8) Coarse red and gray augen-gneiss. 6 miles. 

(9) Fine-banded gray and pink mica-gneiss. 14 miles. 

(10) Anorthosite. 2 miles. 
(11) Fine-banded, gray and pink gneisses. 12 miles. 

In this section the rocks are grouped in accordance with the pre- 
dominating kind, although bands of other varieties are included in all 
of the rough divisions. Divisions 1, 2, 3, 4,9 and 11 appear to have 
been originally clastic rocks, subsequently completely metamorphosed 
into schists and gneisses, and subjected to great pressures, which have 
folded and twisted them so that their original horizontal succession is 
greatly obscured. ‘The different bands are conformable and appear to 
grade into one another. ‘The 5th division embraces rocks probably of 
igneous origin, which have been injected along a line of weakness 
between the banded gneisses and the coarser-grained rocks of the 6th 
division. ‘The 6th and 8th divisions are usually gneissic, but often are 
granitic. ‘They appear to underlie the banded gneisses, and are either 
the remains of older beds that have been re-fused or are original 
molten matter which has dissolved and floated portions of the banded 
beds, since fragments of them are enclosed in the coarser gneisses. 
The anorthosite is also igneous, having apparently been intruded in its 
present position after the formation of the banded gneiss with which 

* Report on the Geology and Economic Minerals of the Southern Portion of Port- 


neuf, Quebec and Montmorency Counties, Province of Quebec, by A. B. Low. Ann. 
Rep. Geol. Sur. of Canada for 1890-91, Vol. V., Part 1, L, pp. 5-82, 1892. 
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it is in contact. This contact is not sharp in places, as the gneisses 
usually seem to have been infiltrated by basic feldspar material from the 
anorthosite, causing a gradual passage from one to the other. At one 
place in division 11 appears a band of highly crystalline limestone. 

At many places the Trenton limestone is found directly in contact 
with the Archean rocks. ‘The surface of the Archean rocks on which 
these newer beds were laid down had a rounded undulatory form, 
closely resembling the present exposed surface. The gneisses and the 
limestone present fresh, undecomposed surfaces. At various places 
between the Trenton limestone and the Archean is a thin layer of cal- 
careous sandrock, resting in the hollows of the Archean surface, which 
holds Trenton fossils. In one place in the limestone is found a bowlder 
of gneiss six feet long, four feet wide and four feet thick, which is 
supposed to have been dropped by floating ice. 


Mathew, W. D.' describes the pre-Cambrian area near St. John, 
New Brunswick. The earliest series, or Laurentian, consists chiefly 
of granitic and gneissoid rocks, limestones and quartzite, the two latter 
being confined to the upper beds. The strata lie steeply inclined in a 
succession of ridges and folds striking in a general northeast and 
southwest direction. Overlying this more crystalline series, generally 
at a lower dip, are fine-grained flinty rocks, interbedded with various 
schists, porphyries, ash-rocks and sandstones, and with great masses 
and dikes of trap. ‘These have been called Huronian. 

The old part of the Laurentian consists of gneisses proper, accom- 
panied by hornblende-schists and mica-schists, which in thin section 
show no trace of igneous origin, and of limestone and quartzite. 
Associated with the less crystalline limestones are beds of fine-grained 
black rock, which has generally been called argillite. Much of the 
Lower Laurentian series consists of granite, diorite and gabbro, which 
are igneous rocks. The granite intrudes both the gabbro and the 
sedimentary series as is shown by contact effects and by veins 
and pegmatite masses adjacent to the granite in the sedimentary 
series. As to the age of this intrusion, it may be as late as 
Devonian, but as the granite is cut by innumerable dikes which also 
cut the Huronian and the Palzozoic, it is very likely that the intrusion 
is pre-Huronian. The great unconformity in the district is between the 
Laurentian and Huronian, not between the Huronian and Cambrian. 

* The Intrusive Rocks near St. John, New Brunswick, by W. D. MATHEW. Trans. 
N. Y. Acad. Sci., Vol. XIII., pp. 185-203, 1894. 
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Ells* states that the mica and biotite of the Laurentian of Canada 
is confined to a horizon composed of a series of gneisses of the upper 
portion of the Laurentian, siliceous rocks which underlie the limestone 
proper. This horizon graduates upward by regular passage through 
the interstratification of calcareous layers into the massive crystalline 
limestone formation. 


Whittle* describes the main axis of the Green Mountains as a 
series of sharp, compressed folds striking approximately north and 
south and overturned to the west in most localities so that induced 
schistosity and stratification dip eastward. Localities on the western 
border have a steep westerly dip in many instances; in others the 
border series as a whole is nearly in a vertical position. Many areas 
occur along this belt where the series is overturned to the west, but the 
exact angle at which the strata lie is difficult of determination. The 
orographic thrust producing the folding was directed nearly east and 
west. Normal faults and overthrusts are indicated, but data for their 
detection are not now at hand except in one instance. 


Whittle? describes the pre-Cambrian rocks of Vermont as consist- 
ing of two series of Algonkian rocks. The Lower Cambrian quartz- 
ite is apparently underlain conformably by the upper of the two, or 
the Mendon series. That the two are, however, really unconformable 
is supported, among others, by the following reasons: The extreme 
lithological diversity of the metamorphic series as compared with the 
quartzite; a close folding in the Mendon series not observed in the 
quartzite, and by the fact that the quartzite reposes discordantly upon 
granitoid gneiss to the southward. 

The Mendon series consists in descending order of the following 
members: mica-schist, with a maximum thickness of 1ooo feet; mica- 
ceous quartzite, having a maximum thickness of 500 feet and carrying 
several thin beds of crystalline limestone ; crystalline limestone, with 
a maximum thickness of 400 feet ; conglomerate schists and quartzite 
with a maximum thickness of 700 feet. At Mendon the section has 

* Mica Deposits in the Laurentian of the Ottawa District, by R. W. Etis. Bull. 
Geol. Soc. Am., Vol. 5, pp. 481-488, 1894. 

? General Structure of the Main Axis of the Green Mountains, by C. L WHITTLE. 
Am. Jour. Sci., Vol. XLVIL., No. 281, pp. 347-354, May, 1894. 

3The Occurrence of Algonkian Rocks in Vermont and the Evidence for their Sub- 
division, by C. L. WHITTLE. Jour. GEOL., Vol. IL., No. 4, pp. 396-429, May-June, 1894. 
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an approximate thickness of 1300 feet, and in some localities there 
may be 2000 feet of strata in the series. 

The lower series of Algonkian, called the Mount Holly series, is 
contrasted with the Mendon series in nearly every way. ‘The structure 
of the series is so complicated, the different rock types vary so greatly 
and the series has been subjected to such a multiplicity of dynamic move- 
ments, that no definite stratigraphy has been made out. Some of the 
prominent rocks of the series are biotite-schist, muscovite-schist, gar- 
netiferous schist, vitreous quartzite, augen-gneiss and various kinds 
of limestone. The limestones are in irregular lenses, and are 
extremely local. ‘There may be two horizons of limestone or a dozen. 
The series, because of the undoubted areas of sedimentary rocks which 
have escaped destruction, are regarded as clastic. Associated with 
the above rocks are very abundant schistose, igneous rocks, comprising 
both dikes and sheets. 

The two series of Algonkian rocks are regarded as unconformable 
for the following reasons: Between the two there is a great lithological 
difference ; the Mount Holly series has been cut through by eruptive 
rocks in a complicated fashion, and these do noi occur in the Mendon 
series; the Mount Holly series is folded in a much more intricate 
manner than the Mendon series, and secondary structures have devel- 
oped to a far greater degree; at the bottom of the Mount Holly series 
is a widespread formation of conglomerates and gneiss. The schis- 
tosity of the two series is parallel, but this is regarded as due to dis- 
integration before the Mendon series was deposited, and to post-Men- 


don folding. 


Smyth, C. H.,‘ gives a petrographical description of the gabbros of 
the southwestern Adirondack region, and of black hornblende-gneiss 
which occurs in the same area. ‘The most altered form of the gabbro 
is very similar to the hornblende-gneiss, and it is suggested that the 
latter is but an extremely metamorphosed phase of the former. 


Smyth, C. H.,? describes a group of diabase dikes as breaking 
through the granite, gneiss and quartzite in the vicinity of the village of 
Gannanoque, Ontario, the whole being overlain by Potsdam sandstone. 


* Gabbros in the Southwestern Adirondack Region, by C. H. SMYTH, JR., Am. Jour. 
Sci., Vol. XLVIIL, No. 283, pp. 54-80, July, 1894. 

? A Group of Diabase Dikes among the Thousand Islands, St. Lawrence River, by C. 
H. Smytu, Jr. Trans. N. Y. Acad. Sci., Vol. XIIL, Sig. 14, pp. 209-214, August, 1884. 
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Kemp‘ describes the gabbros of the western shore of Lake Cham- 
plain. The rocks occurring in this area comprise: (1) gneisses, (2) 
crystalline limestones, including black hornblendic and pyroxenic 
schists and gneisses, and (3) anorthosites, including gabbro proper, 
olivine-gabbros and uorites. The anorthosites over large areas have 
been profoundly affected by dynamic action, and in many places now 
have a gneissic structure. In the anorthosites at various places and 
particularly at Split Rock Mountains, forming the more basic crystal- 
lization from the original magma, are lean, titaniferous magnetites which 
have been mined as iron ores. At the contacts of the gabbro and 
limestone the latter rock has been bent by dynamic movements; vari- 
ous silicates have developed within it, among which are scapolite, horn- 
blende, pyroxene and titanite.” The limestone is also coarsely crystal- 
line. Since the intrusion of the gabbro the limestone has been sub- 
jected to dynamic movements, and exhibits strongly the characteristic 
plasticity of this rock under stress. 


Kemp and Hollick* find the granite at Mounts Adam and Eve, 
N. Y., to be intrusive within the limestone. Adjacent to the granites 
the limestone is white and crystalline and is charged with peculiar 
contact minerals. This white limestone graduates into blue limestone 
with transitional graphitic forms. The continuation of this limestone 
in New Jersey contains Cambrian fossils. 


Nason? finds as a result of analyses that the white and blue lime- 
stone of Sussex county, N. J., are essentially the same in composition, 
both being magnesian limestones or true dolomites. The coarsely 
crystalline white limestone near its contact with granite is generally 
non-magnesian. 


Nason‘ gives a summary of facts showing that the white limestone 
of Sussex county is of Cambrian age, as follows; 


*Gabbros on the Western Shore of Lake Champlain, by J. F. Kemp, Bull. Geol. 
Soc. of Am., Vol. V., pp. 213-224. 

?Granite at Mounts Adam and Eve, Warwick, Orange County, N: Y., and its Con- 
tact Phenomena, by J. F. Kemp and ARTHUR HOLLICK, Annals of the New York Acad. 
Sci., Vol. VIL, pp. 638-654. 

3The Chemical Composition of some of the White Limestones of Sussex County, 
N. J., by FRANK L. Nason, Am. Geol., Vol. XIIL, No. 3, pp. 154-164, March, 1894. 

4Summary of Facts Proving the Cambrian Age of the White Limestones of Sus- 
sex County, New Jersey, by F. L. Nason. Am. Geol., Vol., XIV, No. 3, pp. 161-168, 
September, 1894. 
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1. The white limestones are continuous with the blue limestones 
(now accepted as of Cambrian age) and every degree of transition may 
be found between them. 

2. Both have the same strike and dip. 

3. Both are conformable with a quartzite also containing Cambrian 
fossils. 

4. Both are unconformable with the gneiss upon which they rest. 

5. Both have in sum total the same chemical composition and are 
magnesian. 

6. The altered crystalline condition of the white limestone is due 
to the intrusion of igneous masses and to regional metamorphism, 
while the blue limestone never contains such igneous injections. 

7. The presence of certain minerals, especially chondrodite, is not 
indicative of geological age, as this mineral is known to occur in modern 


volcanic rocks. 


Westgate" holds that the crystalline limestones of Warren county, 
New Jersey, are distinct from and older than the blue Magnesian lime- 
stone, and of pre-Cambrian age, for the following reasons: They have 
a well developed crystalline character, and hold large quantities of 
accessory metamorphic minerals; they show no intimate association 
with the blue Cambrian limestones; they show no tendency to grade 
into them; they have been subjected to general metamorphic forces, 
of which the neighboring blue limestone shows no trace; they occur 
in intimate association with the granitoid gneisses, and in some cases 
appear to be interbedded with them. 


Grimsley’ describes and maps the rocks of a part of Cecil county 
in northwestern Maryland. The rocks are granite, diorite, and 
staurolitic mica-schist. The staurolitic mica-schist is regarded as a 
sedimentary rock. In this the granite-gneiss is intrusive, as shown by 
the fact that branching dikes and apophyses penetrate the adjoining 
schists and slates, producing pronounced contact effects upon them. 
The diorite occurs in dikes in the granite. 

C. R. Van Hise. 


* The Age of the Crystalline Limestones of Warren County, New Jersey, by L. G. 
WEstTGATE, Am. Geol., Vol. XIV., No. 6, pp. 369-379, December, 1894. 

*?The Granite of Cecil County in Northwestern Maryland, by G. P. GRIMSLEY, 
Journ. of Cincinnati Soc. Nat. Hist., pp. 50, April and July, 1894. 
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Pithecanthropus erectus eine menschenahnliche Ubergangsform aus 
Java von Eug. Dubois, Militararzt der niederlandisch-indi- 
schen Armee mit zwei Tafeln und drei in den Text gedruck- 
ten Figuren. Batavia Landesdruckerei, 1894, 39 p. 4to. 


Between 1889 and 1893, by the order of the Governor-General of 
Dutch India, paleontological researches were made by Dr. Eugen 
Dubois, in Sumatra and Java. The result was a good collection of 
Pleiocene and Pleistocene vertebrates. The most important find con- 
sisted of portions of an anthropoid form, which is considered the 
missing link between the Simiidze and Hominide. The remains con- 
sisted of the upper portion of a skull (similar in preservation to the 
well-known Neanderthal skull) a third upper molar, and the left 
femur, which were found near Trient, on the Isle of Java. The his- 
tory of the find is this: In the left bank of the river Bengawan, about 
1 m. below the watermark of the dry season, 12-15 m. below the 
eroded level, the molar was found in September, 1891. One month 
afterwards, in the same level, at a distance of 1 m., the cranium was 
found, and in August, 1892, 15 m. further up the river, and again, in 
the same horizon, the femur was brought to light. Dr. Dubois con- 
siders these remains as the parts of one individual. 

The name Pithecanthropus erectus is given to the fossil. This name 
had already been used by Professor Haeckel in 1868 in his “ Natiirliche 
Schépfungsgeschichte” for a hypothetical anthropoid, who walked 
upright, was mentally more developed than the anthropoid apes, but 
without language. 

Pithecanthropus is placed by Dubois in a special family, Pithecan- 
thropide, between the Simiide and Hominide with the following 
character : 

“Brain cavity, absolutely and relatively, much larger than in the 
Simiidz, but smaller than in the Hominid. Capacity of cranium 
about two-thirds of the average capacity of man. Inclination of cer- 
vical portion of occipital bone much stronger than in the Simiidz ; den- 
tition in reduction, but of the pattern of the Simiidz. Femur similar 
to that of man in its dimensions, and constructed for erect walking.” 


Dr. Dubois gives a table of the different values of the cranial 
capacity in the Simiidz and man, and reaches the conclusion that the 
capacity of Pithecanthropus is over 1000 cubic centimeters, or over two- 
thirds of a human cranium of more than average size. 


. 
+ 
im: 
‘ 
| 


238 THE JOURNAL OF GEOLOGY. 


The femur is 455 mm. long, and in nearly every respect like that 
of man; slight differences are only seen in the absence of an Angulus 
medialis, in the slight development of the Planum popliteum and the 
Linea obliqua, and in the concave form of the Crista intertrochanterica. 
The corresponding size of man, with a femur of 455 mm. is given as 
170 cm. 

The important question, of course, is asked: Is the material at the 
disposition of Dr. Dubois sufficient to sustain the conclusions so con- 
fidently expressed. We know that the capacity of the normal human 
cranium varies from 1ooo—1800 cubic centimeters; /ithecanthropus, 
with a capacity of over 1000, is not necessarily excluded from this 
series. In regard to the femur it is questionable whether the distinctive 
characters given by Dr. Dubois hold good, if a great number of human 
femora is examined; besides, the femur shows an extensive exostosis 
in the upper half. ‘The evidence brought forward by Dr. Dubois certainly 
does not seem sufficient for the establishment of a new genus and 
family, forming the missing link between the Simiidze and Hominide. 
The publication of the fauna contemporary with Pithecanthropus is 


looked for with much interest. 
G. Baur. 


The Fins of Ichthyosaurus. 


As far back as 1838 Owen* had noticed the fact that nearly all the 
specimens of Ichthyosaurus from the English Lias showed a disloca- 
tion in the tail-vertebra. This dislocation or bend was found at the 
posterior one-third of the tail, generally about the thirtieth caudal 
vertebra in the /chthyosaurus communis; the terminal portion con- 
tinued, after the bend, almost as straight as the portion of the tail 
preceding it. From this Owen reached the conclusion that Ichthy- 
osaurus possessed a terminal tegumentary and ligamentous vertical 
caudal fin. By the weight of this fin, or by the force of the waves 
beating upon its extended surface, the break of the tail was produced. 
In the restaurations of Ichthyosaurus the tail was figured unbroken, 
with a caudal fin extending symmetrically above and below in a vertical 
plane, and ending in a point at the end of the vertebral column. 


* OWEN, R.: Note on the dislocation of the tail at a certain point observable in 
the skeleton of many Ichthyosauri, Trans. Geol. Soc., 2d Ser., Vol. V., pp. 511-514, 


pl. 42. 


PUBLICATIONS. 239 


In 1892 Dr. E. Fraas* described a specimen of Ichthyosaurus from 
Holzmaden, Wiirtemberg (Museum, Stuttgart), in which the whole skin 
of the animal was preserved. ‘The fin proved to be quite large, sym- 
metrical, and of the same shape as that of the sharks, but the vertebra 
did not extend to the dorsal but to the ventral lobe of the fin, thus 
demonstrating that the dislocation in the tail was the natural condition. 

The same specimen showed that there existed a very large dorsal 
median fin, placed a little in front of the pelvic fins. The pectoral 
and pelvic fins were also beautifully preserved, and showed, what had 
been known already before, that the fleshy part of the paddles extended 
very much further backwards than the bony skeleton.’ 

Nearly at the same time a splendid specimen of a tail fin of Ichthy- 
osaurus of very large size was found in the lithographic limestone of 
Solenhofen, and is now preserved in the Munich Museum; another 
tail fin from Holzmaden has gone to the Berlin Museum ; and a very 
complete specimen, showing the whole skin, has lately been secured 
from Mr. W. Hauff, Holzmaden, by the Museum of Freiburg (Switzer- 
land), for the sum of $750. In many specimens, which are now in the 
different museums, the skin could probably have been preserved, if 
anyone had thought of the existence of it. In the future it will be 
possible, by very great care. 

It is of very great interest that we know now the real structure of 
the fins of the Ichthyosauria. It is well known that the Ichthyosauria 
originated from land-living reptiles closely related to the Rhyn- 
chocephalia and Proganosauria;* that the fins have been gradually 
developed through the adaptation to marine life is clear ; it would be 
very interesting to find out whether the Triassic Ichthyosauria, in 
which the limbs are less specialized, show already the same structure in 
the tail as the forms from the Jurassic. 

We see that a very similar fin structure is developed in two groups 
of animals belonging to two entirely different classes. In the Sel- 


* Fraas E.: Uber einen neuen Fund von Ichthyosaurus in Wiirtemberg. Neues 
Jahrb. f. Min. 1892, pp. 87-90. 


? A very good photographic reproduction of the specimen is given by Fraas in 
Jahreshefte des Vereins f. vaterl. Naturkunde in Wiirtemberg, 1894. ‘Taf. V. 


3G. BAuR on the Morphology and Origin of the Ichthyopterygia. Am. Naturalist, 
1887, p. 837. 

Uber den Ursprung der Extremitiiten der Ichthyopterygia. Vers. Oberrhein. Geol. 
Verein., 1887, Stuttgart, 4 p., 4 fig. 
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achians the vertebral column ends in the upper, in Ichthyosaurus in 
the lower lobe of the caudal fin. An explanation of this fact has lately 
been given by Professor Franz Eilhard Schulze‘ of Berlin. 

By the lateral motion of a caudal fin like that of the Selachians in 
form, the auimal can not only be propelled forwards, but also upwards 
or downwards. The motion will be forwards and upwards if, as in the 
sharks, the upper edge of the caudal fin is the stronger one; it will be 
forwards and downwards if, as in the Ichthyosauria, the lower edge of 
the fin is the stronger, supported by the caudal vertebre. The sharks, 
as it is well known, are heavier than the water; the motion upwards, 
therefore, produced by the motion of the lower portion of the tail, is of 
the highest value for the sharks. The Ichthyosaurs on the other hand 
were as reptiles with lungs, and with the extensive layer of fat, lighter 
than water. For these the motion of the upper portion of its caudal 
fin, producing a downward motion, is of the greatest value. 

G. Baur. 


FRaNz Uber die Abwiartsbiegung des Schwanztheils der 
Wirbelsaule bei Ichthyosauren (Sitzungsber. Berliner Akad. 1894, p. 1133). 
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